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The Thirty-fii-st Ordinarj- General Meeting was held on Wednesday, 
the I3th January, 1875, Mr. Latimbb Clakk, President, in 
the Chair. 



The President read his Inaugural Address : — 
Gentlemen, 

On assuming the Chair as President of tiie Society of Telegrapli 
Engineers I de-'*ire to return you my thanks for the confidence yon 
Iiave shown and the honour you have done me in placing me in so 
responsible a position. Although I shall spare no effort to uphold 
the interests and dignity of the Society and to increase its utility, 
and although I shall fulfil these duties as a labour of love, I am 
conscious that I shall have to ask your continued forbearance and 
indulgence for deficiencies. 

My task however will be but a light one compared with tliat which 
devolved on my predecessors in tliis chair. They had to create and 
establish the Society and to perfect its organisation ; and, thanks 
fo their wise and skilful guidance and to the liberal assistance of 
tlie Institution of Civil Engineers, we are able to meet in this 
ijiagnificent room this evening some 600 members strong, and to 
ciironiele nothing but prosperity and progress. 

In tliis respect indeed we have gi'ound for sincere congratula- 
tion, for even the pai'ent Society, the Institution of Civil Engineers, 
'■ne of the most prosperous and flourishing institutions in the world, 
was, I believe, tliirty years in existence before it possessed as many 
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members as we now number m our single branch of the pro- 
fession. 

The Electric Telegraph is not the creation of any one mind, nor 
did it come upon the world suddenly or in a complete form : but, 
like the pale beams of the rising moon, its dawn may be, traced 
back for generations, continually brightening and gaining strength 
as fresh additions to our knowledge rendered the problem more 
feasible. 

Practical telegraphy is however a creation of the present genera- 
tion. Within the memory of most of those now present it has burst 
into existence and spread throughout the world with a celeriiy and 
splendour characteristic of the mysterious element which it has 
bent to its service, so that to-day, from the distant shores of the 
PacijGLc Ocean to the eastern limits of Asia, not only every land but 
almost every town and village has been united by the electric 
wire, and distance and time haveT)een so changed to our imagina- 
tions, that the globe has been practically reduced in magnitude, 
and there can be no doubt that our conception of its dimensions is 
entirely different to that held by our forefathers. 

It is impossible to avoid looking back and inquiring what has 
been the cause of this singular development ; a;nd, although the 
ground has been trodden so often, I cannot refrain from passing 
in hasty review some of the steps in the rise and progress ot 
telegraphy. For, though the history of our art may receive but 
little attention from the world at large, it must ever possess an 
interest for the members of this Society, many of whom have borne 
so prominent a share in its creation and development. 

There was a fabulous story among the old authors that two 
needles touched by the same magnet and suspended within an 
alphabetic circle would move in unison at whatever distance they 
might be separated. The most interesting form of this story is that 
related by Joseph Glanvill, M.A., in his Scepsis Scientificaj pub- 
lished in 1665. He says, " That men should confer at very distant 
removes by an extemporary intercourse is another reputed im- 
possibility; but yet there are some hints in natural operations that 
give us probability that it is feasible and may be compassed without 
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unwarrantable correspondence with the people of the air. That a 
couple of needles equally touched by the same magnet being 
set in two dyals exactly proportioned to each other and circumscribed 
by the letters of the alphabet may aflFect this magnate hatli con- 
siderable authorities to vouch for it * * * * Now, though 
this pretty contrivance may not yet answer the expectation of 
inquisitive experiment, yet it is no despicable item that by some 
other such way of magnetic efficiency it may hereafter with success 
be attempted when magical history shall be enlarged by riper 
inspections, and it is not unlikely but that present discoveries might 
be improved to the performance." 

Now here we have the early dawn of the idea of an electric 
telegraph. 

On the 1st of February, 1758, a Scotchman, Charles Marshall, of 
Paisley, then resident at Renfrew, published in the " Scots Maga- 
zine " a full and clear description of if practicable electric telegraph, 
and suggested the coating of his wires with an insulating material ; 
. and he may be therefore considered, in a sense, the inventor of the 
telegraph. 

In 1800 Galvani and Volta introduced the voltaic pile, which 
forms so important a feature of the telegraph of to-day. 

From this time many other forms of telegraph were proposed 
which it is unnecessary to notice, except that in 1809 Dr. Soemmer- 
ing laid before the Academy of Science at Mimich a plan in which 
for the first time the galvanic battery was employed for the trans- 
mission of the current and the decomposition of water. He also 
expressed the hope that his system might serve to telegraph 
between Munich and Augsburg, and took much pains to make it 
known. 

In 1816 our late lamented member Sir Francis Ronalds pro- 
duced his electric telegraph, and at great expense and trouble 
erected a considerable length in his garden at Hammersmith. 
He employed frictional electricity and only one wire, and exhibited 
his signals by the divergence of pith balls^ combined with rotating 
dials working synchronously, a system afterwards brought to great 
perfection in the printing telegraph of Professor Hughes. Sir 
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Francis Ronalds will always take a high position in the history of 
the telegraph, not so much on account of the excellence or origin- 
ality of his invention, as on account of the confidence and ardour 
with which he pursued his experiments and endeavored to bring 
them to the notice of his countrymen. With wonderful prevision 
he fully perceived its value and foretold its destiny. His " De- 
scription of an Electrical Telegraph " which was published in 1823, 
the first book ever published on the subject of electric telegraphy, 
might almost aierve for a description of a telegraphic system at the 
present day. He proposed the establishment of telegraph offices 
throughout the kingdom, and pointed out the benefits which the 
Government would derive from their existence. He described 
methods of insulating the wires, either on poles or underground, 
with all the details of tubes, joints, and testing-boxes, testing- 
stations, linemen, and inspectors, as at the present day. But the 
most interesting and singular point to my mind is the clearness 
with which he foresaw and explained the phenomenon of retarda- 
tion of the electric current by induction in underground wires, a 
phenomenon which has subsequently so greatly engaged the attention 
of electricians. 

The influence of this is so great that on our Atlantic cables we do 
not transmit messages at a greater rate than fifteen or twenty- 
words per minute, whereas, if the effects of induction could be 
removed, we might transmit three or four hundred words per 
minute. After showing that the discharges through his eight 
miles of insulated wire were apparently instantaneous, he says: 

^[ Yet I do not contend, nor even admit, that an instantaneous 
discharge through a wire of unlimited extent ^ould occur in all 
cases " ; and recurring to the subject further on he says, 

" That objection which has seemed to most of those with whom 
I have conversed on the subject the least obvious appears to me the 
most important, and therefore I begin with it, viz.: the probability 
that the electrical induction which would take place in a wire 
enclosed in glass tubes of many miles in length (the wire acting 
like the interior coating of a battery) might amount to the retention 
of a charge, or at least might destroy the suddenness of the dis- 
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^HAai'ge, or in other woi-ds might arrive at such a, degree as lo 
Tefaiu the charge witli more or less force even when the wire is 
brought into contact with tlie earth." 

Ho then proceeds to suggest methods of obviating the difficulty 
or expevinientallj' demonstrating its extent and character. 

Tiiere can be no doubt tiiat, if Ronalds had worked in the dnjs 

of railways and joint stock enterprise, hia energy ajid skill would 

Httave triumphed over every difficulty, and he would have stood 

^Hbrth as the practical introducer of the telegrap)i. But lie was 

thirty years before hia age, and the world was not ready for him. 

Having completed iiia arrangements, ho modestly incited Ijord 
Melville on the 11th July 1816 to witness his experiments, in 
order that he might demonstrate the nature and merits of his 
invention. 

The reply he eventually received was eminently characteristic of 
H^ie neglect and even contempt with which science and scientific 
^^Bm were, aud to some extent still ai*e, regarded by statesmen. 

" Mr. Barrow presents his compliments to Mr. Ronalds, and 
acquaints him, with reference to his note of the 3rd instant, that 
telegraphs of any kind are now wholly unnecessary, and that no 
other than the one now in use will be adopted." 
Colonial Office, 6 Aug. 1816. 

The inventor had chosen an unfortunate time. The great war oi 
the century was concluded; the government officials were doubtless 
closing up their affairs after a weary session, and were thinking 
only of salmon aud grouse ; telegi'aphs and all other new-fangled 
ideas were wholly unnecessary, and Mr. Ronalds was probably 
only one amongst a dozen of Inventors who received their coup de 
grace on that unlucky August morning. 

Ronalds was however contending against one difficulty which, 
as we now know, would have been almost insuperable. Although 
very familiar with the galvanic pile, and although Scemmering Lad 
used it for telegraphs seven yeai's previously, he was still working 
witli high tension or frictional electi-icity. 

Li 1819 Oersted discovered the effect of the current in causing 
a deflection of tlie magnetised needle, and in 1820 Ampere pro- 
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posed to construct a telegraph by means of the voltaic battery, the 
coil of wire, and the magnetised needle. This was followed by the 
long series of Faraday's wonderful electrical researches. 

In 1827 Dr. Jacob Green, of Jefferson College, Philadelphia, 
wrote as follows : 

" In the very early stage of electro-magnetic experiments it had 
been suggested that an instantaneous telegraph might be con- 
structed by means of conjunctive wires and magnetic needles. 
The details of this contrivance are so obvious, and the principles 
upon which it is founded are so well understood, that there was 
only one question which could render the result doubtful. This 
was, whether by lengthening the conjunctive wires there would be 
any diminution in the electrical effect upon the needle. * * * 
Had it been found true that the galvanic fluid could be transmitted 
in a moment through a^ great extent of conducting wire without 
diminishing its magnetic effect, then no question could have been 
entertained as to the practicability and importance of the suggestion 
adverted to above with regard to the telegraph. Mr. Barlow, of 
the Royal Military Academy (at Woolwich), who has made a 
number of successful experiments and investigations in electro- 
magnetism, fiilly ascertained that there was so sensible a diminu- 
tion with only 200 feet of wire as to convince him at once of the 
impracticability of the scheme." 

There can be little doubt that this published opinion of so emi- 
nent a man as Professor Barlow, which occurs in the Philosophical 
Transactions, had the effect of retarding the introduction of electric 
telegraphs by many years. 

In the same year Ohm published the celebrated mathematical 
formulae which bear his name, and had they been known and duly 
appreciated at the time they would at once have dispelled all mis- 
givings as to the distance at which electrical effects might be 
rendered sensible. They were not however translated into English 
until 1841. 

In 1828 Green, of Nottingham, published his valuable mathe- 
matical investigations of the distribution of electricity on the sur- 
ace of conductors of various forms, 
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In 1834 Wheatatone immortaliHed his name by his magnificont 
experiment on the velooitj of electricity, and by his other reBearohos 
on the subject, which donbtless caused many minds to ask them- 
selves, as Ronalds had done, " Why has no seriouB trial yet been 
made of the qualifications of bo diligent a courier ?" 

We now approach the memorable epoch of 1837. Scientific 
men were in possession of every knowledge and appliance necessary 
for creating a perfect electric teiegraph ; the subject was commonly 
lectured on ; fresh methods of communication continued to bo 
invented, among which I %vill only mention that of Baron Schilling, 
who in 1832 employed five wirofl insulated by silk and five 
vertical needles. 

Railways bad also now come into extensive use, and the world 
was in overj- way ripe and ready for tho practical introduction of 
the telegraph. In March, 1836, Mr. Wm. F. Cocko appears to 
have been present at one of these public lectures, and, struck by 
the adaptability of the telegraph to the requirements of railway 
traffic and commercial use, at once made the subject his exclusive 
study. Heturniug to England on tlie 22nd April, ho appears to 
iiavo devoted the remainder of the year to the study of tho subject 
and the perfection of his ideas, the most important feature of which 
appears to consist In the fact that he for the first time introduced 
the use of an eleetro-magnet for telegraphic purposes. 

His first model, made out of a musical snuff-box with an electro- 
magnetic escapement, was made at Heidelberg. He first exhibited 
an instrument of this form to Professor Faraday iji November 
1836, and subsequently to the Directors of the Liverpool and 
Manchester Railway in January 1837, with a view to its adoption 
on tlie incljjie of tlio Liverpool Tunnel, which was tlion worked 
by a rope and a fixed engine. The instrument gave sixty signals, 
and was considered too novel and complex for the purpose required ; 
and, before simpler instruments could be constructed, they adopted 
a pneumatic telegraph. 

We now arrive at the epoch of 1837, the year in which the first 
^ncactical telegraphs were introduced. Several electric telegraphs 
^nere invented during this year, any of which, in the absence of 
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others, would without doubt have laid the foundation of the 
practical telegraph. Among them those of Cooke, Wheatstone, 
Morse, and Steinheil require especial mention. The telegraph 
of Professor Steinheil deserves notice on account of its great 
ingenuity and completeness. He employed only one wire, and 
transmitted his signals either by sound or by an alphabet of dots 
printed on a strip of paper, and he employed the earth circuit. His 
experiments were performed on a distance of several miles between 
the Royal Academy at Munich and Bogenhausen, and his telegraph 
was certainly very far in advance of any other existing at that date. 
His system was not however brought into further use at that 
period. 

In February 1837 Mr. Cooke, by the advice of Professor 
Faraday and Dr. Roget, made the acquaintance of Professor 
Wheatstone, and in June they had formed a partnership and taken 
out a joint patent. Much difference of opinion has arisen as to the 
due apportionment of the merit of these gentlemen in connection 
with the invention or introduction of the electric telegraph, but it 
is not our purpose to-day to inquire into the merit of these 
respective claims. Happily abundant documentary evidence exists 
to enable those who take an interest in the question to form their 
opinions upon it. 

It appears to me however that neither of those gentlemen can 
in any sense claim to have been the inventor of the electric tele- 
graph. In fact, if we except the use of the electro-magnet and 
the mechanical escapement, I do not find in their inventions of this 
period any important novelty of combination or of principle which 
appears likely to survive in that process of "natural selection," 
that " struggle for existence," which goes on as persistently among 
the productions of art as in the province of nature. 

Their claim for distinction must rest rather on the energy and 
success with which they introduced their system into practical use 
and compelled the world to recognise its merits. 

By the deed of partnership executed between these gentlemen 
it was arranged that Mr. Cooke was to continue the entire practical 
management and control of their affairs, and accordingly on the 
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27tliof Juno Mi\ Cooke was iuti'oduccd to Mr. Robert Stephenson, 
wlio at once took the greatest interest in the invention and lent it 
all h!a influence and assistance. It is gratifying to find the name 
of one of tlie fathers of the railway system thus early acting as a 
father to the electric telegraph. 

On the 4th of July the apparatus was exhibited to Mr. Stophen- 

and by the 25th their first experimental line was in ojieration 

Iweeii Euston and Camden, and was worked in the presence of 

ifesaor Wheatstone, Mr, Stcplienson, Mr. Charles Fox, Mr. 

Bninelj and Sir Benjamin Hawes. 

The system exhibited was still tliat of the electro-magnetic 
escapement and rotary dial ; the needle telegraph, which has been 
jdnce so intimately associated with their names, not having been 
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At the same time Professor Morse was occupied In introduoing 

his electro- magnetic telegraph in America. Tliis telegraph, from 
its exquisite simplicity, has come into imiversal use tlirougbout the 
world and has conferred immortality on the name of its inventor. 
The idea had long existed in his mind and aa early as 1835 he had 
exhibited his experiments to private friends, but there appears no 
published record referring to his invention earlier than a letter 
in the Ifew York Observer of April 15, 1837, by his brother 
S, E- Morse, and in this letter he speaks of the invention as requir- 
ing twenty-fotu- wires. On the 10th March a circular letter had 
been sont to certain collectors of customs and others desiring in- 
formation with reference to telegi'aphic communication, and it was 
this cii'cular which probably evoked tlie letter in question. On the 
27th September, Professor Morse wrote a letter to the Secretary 
of the Treasury of the United States, which shows that ho had 
allowed tho subject to he dormant, but he promised to have a com- 
plete apijaratoa in operation by the Ist January, 1838. His first 
experiment, over half a mile, was made on the 2nd October, 1837, 
iiiid on the 6th October he filed a caveat in the patent office at 
Washington. 1 believe the first working telegraphic hue erected 
ill the United States was that between Washington and Baltimore, 
which began work in 1844, 
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Reverting to the progress of the telegraph in England, we find 
Mr. Cooke in 1837 in negotiation with tlie directors of the London 
and Birmingham Railway for laying down a telegraph from London 
to Birmingham, a project which did not however arrive at com- 
pletion. In the following year (1838) Mr. Cooke conducted some 
extensive experiments at St Katherine's Docks, in which he exhi- 
bited the telegraph in operation through 110 miles of No. 16 covered 
copper wire. Mr. Brunei at this period took up the matter, and a 
line of pipes with five wires was laid down on the Great Western 
Railway from Paddington to Drayton, which was afterwards ex- 
tended to Slough in 1841. The total cost of this line to Draytpn 
was 3,270/. 65. The insulation becoming defective, the pipes were 
removed and sold, and poles and iron wires were erected in their 
place in 1841, the wire being in the first instance temporarily 
insulated on quills. Li 1840 Mr. Greorge Stephenson adopted it on 
the Blackwall Railway, which was then worked by a stationary 
engine and rope. In 1841 Sir Charles Fox ordered a telegraph on 
the Cowlairs and Glasgow Line. It was then fixed on one of the 
Midland tunnels, and on the Dublin and Dalkey Atmospheric 
Railway. 

In 1842 Mr. Cooke was in negotiation with the Admiralty in 
reference to a line from London to Portsmouth ; he also published 
a book termed Telegraphic Railways on the Single Way. In this 
year plans for the Norwich and Yarmouth Line were approved by 
Mr. George Hudson. In 1843 the telegraph was ordered for the 
Dalkey and Kingstown Atmospheric Railway by Mr. Samuda, and 
on this line galvanised iron wire was first employed. The Norwich 
and Yarmouth Railway, a single line, was opened in May 1844 ; 
the Northampton and Peterborough Line and the Croydon Line 
were completed iiT 1845. These were followed by the South 
Western Line from London to Gt)sport, and the South Eastern 
Line, the first portion executed being the Maidstone Branch. 

It appears that the funds necessary for the management of the 
partnership were provided by Mr. Cooke, and the results were at 
first by no means encouraging. His account-books, which were 
produced in evidence during an arbitration which took place in 



H(41, before Marc Isaraliavd Brunei and Frofefisor Daniell, showed 
^nt, prior to his eouuection with Professor Wheatstoiie in February 
|p37, he had exjiendod 3852. 8s. lOd. on his experiments; by the 
Bd of 1843 this deficit had increased to 6,232/. 16^. 1^. 
H'The celebrated message which led t« the capture of John Tawell, 
BQaaker, who had committed a murder at Slough, was sent on tlie 
Ht January, 1845, and it had a powerfid influence in arousing 
BA)Hc attention to the value and capabilities of the telegraph. 
H9n the course of constructing the Blackwall liailway Mr, Cooke 
Hl^e the acquaiutanee of Mr. George Stephenson and Mr. George 
^pdder, and in 1842 Messrs. Cooke and Wheatatone inserted a series 
Br advertisements in the Railway Times and other papers drawing 
attention to the merits of their invention. These circumstances 
eventually led to Mr. Cooke's introduction by Mr. Bidder to Mr. 
John Lewis Eicardo, M.P. afterwards for many years Cbairman 
of the Electric Telegraph Company, a gentleman by whose energy 
and enterprise the Company was created and led to a liigli pitch of 
prosperity. The first interview took place on the 1st of October, 
1845, and so prompt and decisive was their action that on tlio 
17th of that month Mr. Rieardo and Mr. Bidder wrote a joint 
letter to Mr. Cooke accepting the torms he had proposed. 

The Company was registered on the 2nd of September, 1845, 
Kid a provisional prospectus was issued shortly afterwards. 
fHie first directors were Mr, J. L. Kicardo, Mr. Sampson 
■do, Mr. W. F, Cooke, Mj.-. George Bidder, and Mr. Hichard 
An Act of Parliament was obtained on tlie 18th Jmie, 1846, 
and they commenced business, iu an imperfect manner, at their 
first offices at 345, Strand, where they educated their clerks, the 
ployed being the Cooke and Wheatstone double-needle 
ment. 
'The capital of the Company was privately subscribed by the 
directors above named, and it would appear that under the arrange- 
ments made with the patentees they received about 160,000?. for 
patents in money or value. This purchase included Mr, 
fke's half-share of the London and Portsmouth Telegraph and 
telegraph to Slough. Out of this amount Professor Wheat- 
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stone received 30,000Z. in cash and 3,000Z. for royalties then 
due, and Mr. Cooke received the remainder. I believe however 
that Mr. Cooke's personal share amounted practically to about 
96,000Z. of which the greater portion was in shares, many of 
which were subsequently disposed of at a loss. 

During 1847 the Electric Telegraph Company erected their 
central station at the end of Founder's Court, Lothbury, the funds 
for this handsome building having been provided by Sir Samuel 
Morton Peto. It was formally opened on the 1st January 1848, 
and at this period 1,514 miles of telegraph were either erected or 
in progress. 

The business was not an uninterrupted success. On the first 
day they took about 20Z., but this amount steadily increased each 
day. 

The large hall was filled up with instruments from top to 
bottom, each gallery being appropriated to a difierent division of 
the country, and having a staff of clerks ready to receive and 
transmit messages. I believe at that time. the cost of a twenty- word 
message from London to Glasgow or Edinburgh was about lis, 6d. ; 
to Yarmouth 9s, 6d, ; to Ipswich 55. 6c?. ; and to Southampton 3^. 
It was soon found that they had over-rated the immediate 
capabilities of the telegraph traffic ; they had spent all their capital, 
and their expenditure greatly exceeded their receipts. It became 
necessary to effect a great reduction in their expenses, and on the 
27th March at one swoop they discharged about foiu'-fifths of their 
clerks, who were however re-engaged as their prospects improved. 
The year which followed was one of great commercial disas- 
ter consequent on the French Revolution and the abdication of 
Louis Philippe. By the month of June 1848 the operations of 
the Company had resulted in the loss of 3,220/. 85., and the 
whole undertaking might have collapsed had not Mr. Ricardo 
advanced money, and taken upon himself the burden of other 
shareholders whose confidence in the Company had ceased. They 
were at this time receiving about lOOZ. per week for messages, and 
by December their actual loss had been reduced to 341 Z. Os. lid. 
In January 1849 they were able for the first time to speak 
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Jirect witliout delay fi-om LouJou to Birmingham and Manclicater. 
- Xius was considered a great telegrapbio feat. 

^B In tho year 1850 their gross revonuo from all sources was 
^B8,524;. 3s. 9(i. outofwhichtheymadeaprofitonO,075/. 12s. 3(/. 
^V In 1851, the year of the Great Exhibition, their gross revenue 
^Bras 4d,Sti6^. In 1852 their receipts for messages amounted 
^Bb 100^, per day. In 1860 their revenue had increased tu 
Hl4,245/. 7«. 3rf. and tJieir profits to Gd,71U. Us. 
^H The 30th June 1S68 was the day fixed for the transfer of tlio 
* wliole system to the Post Office Department of Her Majestj-'s 
Govemmeut, but owing to various delays the actual transfer did 
not take place till the 28th January, 1870. 

Their receipts for the thirteen months ending on this date wero 
425,789;. 2s. and their profits 202,480i. 6s. 2rf. 

On finally winding-up the Company, in addition to interim 
dividends (which were limited by their Act to 10 per cent, per 
annum), the aharebolders divided among themselves a sum uf 
2,938,826^, Ds. received from the Government, and a Trust 
Fundof40,72W. 17s., being equal to a dividend of 292;. Is. 3(f. 
per cent, npon their capital. 

Tlie Electric Telegi-aph Company was not however allowed to 
jiursue its way without opposition. In July 1850 the British 
Electric Telegraph Company obtained their Act, their engineer 
being Mr. Edward Highton, and in the same year the Magnetic 
Telegraph Company was originated, their engineer being Mr. 
Charles Bright, and at first they employed the electro-magnetic 
instrument of Mr. Henley. 

These two Companies afterwards amalgamated and became a 
powerful rival of the Electric Telegraph Company. The United 
Kingdom Telegraph Company obtaijied tlieir Act in 1861, their 
engineer being Mr. Andrews, and thoy also erected an extensi\-o 
system of telegraphs and introduced the Hughes Printing Tele- 



The Electric Telegraph Company endeavoured 
lactical monopoly by either opposing or purchasing the inven- 
i)us of rival patentees. Among these the chemical printing tele- 
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graph of Mr. Alexander Bain deserves especial notice. Chemical 
telegraphs were suggested at an early date, and in 1838 Mr. 
Edward Davy patented a chemically-marking telegraph of con- 
siderable merit, employing calico tapes moistened with iodide of 
potassium. In December 1 846 Mr. Bain patented his system, and 
in addition to the use of an iron style resting on paper moistened 
with a solution of ferro-cyanide of potassium described the im- 
portant principle of setting up the messages on perforated paper, 
a system which has done more to increase the capabilities of the 
telegraph than any other invention. 

That invention was exhibited to the Electric Telegraph Company, 
and while being examined one of the regulating springs broke and 
allowed the instrument to travel round with uncontrolled speed. 
To their surprise they foimd that the whole message was visible 
and had been transmitted correctlv at the rate of several hundred 
words per minute, upon which they resolved to purchase the 
invention without delay. I believe Mr. Bain received 7,000^ for 
his patent and for the withdrawal of his opposition to their Bill. 
They employed the system of printing on chemical paper for some 
years, until it was eventually supplanted by the Morse inking 
system. Nothing however was done with the pimched paper until 
Sir Charles Wheatstone introduced his vpry beautiful automatic 
printing telegraph, which is the most rapid system of telegraphing 
at present in ordinary use. 

The real capabilities of the Bain system remain however to be 
yet developed. The Americans have recently re-introduced it with 
startling results, and have shown that cfn ordinary circuits four 
hundred or five himdred words per minute may be readily trans- 
mitted by its means. 

When the capabilities of this system become generally known to 
the public, they will doubtless insist on enjoying the advantages to 
be derived from it, either in the form of lengthened messages or a 
lowered tariff. It appears to me, that in order to obtain the full 
benefits of telegraphic communication any reduction in the cost 
should be accompanied by the introduction of express messoffes, a 
species of message bearing the same relation to ordinary messages 
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it pasaenger trains bear to gootia trains. The cost ot these 
should be at least Jive or ten times as groat as tJiat of 
lary messages, aiid they should be subject to the Rame ruJea of 
^iority among tliemselves as now exist, but they should la all 
coses take precedence of the ordinary heavy traffic. Without some 
such system much of the celerity to whieli we are now accustomed 
will be lost amidst the enormous accumulation of work which 
muat sooner or later fall upon the telegraphic system of this 
coiuitry. The Electric Telegraph is ([uite capable of transmittiiig 
a large portion of the bnsincBS of the country which ia now 
toansacted by letter, and is being so employed more and more 
■ery day. If this expansion of traffic be accompanied by faci- 
lities for securing rapid transmission for important messages 
the pecuniary gain to the " Post-office " will be very groat, 
while the benefits afforded to the commerce of the country will bo 
enormous. 

I regret that I cannot now pui'sue tiiia interesting subject further ; 
and I must now take leave of the Electric Telegraph Company, with 
which I was so long and pleasantly associated, merely recording 
that its successive Engineers were Mr. W. H. Hatcher, Mr. Edwin 
Clark, Mr. Latimer Clark, Mr. Cromwell F. Varley, and Mr. Richard 
S. CuUey. The Company has now become merged in the Tele- 
graphic Department of Her Majea^'s Post-office, and under the able 
;ui ministration of that department its growth and progress have out- 
■^Iripped the most sanguine calculations. 

In 1865 the six existing Telegraph Companies possessed 16,066 
miles of line and 77,440 miles of wire; the number of messages 
ti'ansmitted was 4,662,687, and 2,040 offices were open to tho 
]>ublic. 

On the 30th of last June, the Post-office system comprohendod 
106,730 miles of wire, and 1,451 miles of submai-ine wire, exclusive 
of Railway Companies' wires, and of the Continental and other 
cables of the various Telegraph Companies. The number of tele- 
graph offices open to the public on the 31st of December was 
5,572, and the number of telegraphic instruments in commercial 
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use was 9,220. Tlie growth of the traflSe may be seen from tho 
number of messages, which was as follows : — 

December, 1865 .... 4,662,687 

11,760,518 
1872 . . . 



„ 1871 



„ 1873 
„ 1874 



14,858,020 
17,294,334 
19,116,634 



It IS gratifying to observe that the consolidation of the tele- 
graphs into a Government system has in no way tended to retard 
the progress of telegraphy, or to discourage invention. Although 
the able officers of the Government must have been at times hardly 
taxed to meet the growing requirements of the service and the 
difficulties incident to the transfer of a vast network of rival tele- 
graphs and their consolidation in one centralised system, they have 
been throughout among the foremost to seize upon every scientific 
invention or idea, and to test its practical adaptabiliiy to the wants 
of their system. 

I could have wished to have touched further upon the history of 
the other Telegraph Companies, to have spoken of the introduction 
of the Pneumatic system, of the various automatic and type- 
printing telegraphs, of the duplex system, and of the exquisitely 
scientific insti*uments of our retiring President Sir WiUiam Thom- 
son ; also of the history and development of submarine telegraphs, 
of underground wires, and of the progress of telegraphy in other 
countries : but time forbids, and I must reserve space for a few 
words about ourselves. 

I believe the present Society owes its existence chiefly to the 
wisdom and energy of Major JFrank Bolton and Major Webber, 
R.E., who foresaw the probable success of the institution, and the 
benefits which it would confer on all engaged in telegraphic 
practice or electrical research. As we are all aware, it has been 
warmly supported by the profession both at home and in foreign 
countries, and, what is still more gratifying, our list of members 
comprises the names of some of the most eminent scientific men 
of the age, and of many who are entirely unconnected with 



telegrapliy. I should liko to see this division of our forces greatly 
exteuded. 

I remark with pieaaure that several if our great Suhmarine 
legraphCompaniesliavegivenus cordial 8upport,aiid their officers, 
who are so esceptionallj well circiunstanced for making observa- 
tions of the highest value, have contributed admirable jiapera 
to our Transaction 9. We have also been fortunate in receiving the 
valuable eo-operation of the department of Royal Engineers, and 
many of our best papers have emanated from tliat liighly scientific 

Our Journal continues to maintain its chai'acter. It has now 
reached its seventh number, and is becoming a work of considerable 
liistoric and scientific value. 

Our example is beginning to be followed in other countries, and 
already an American Electrical Society has been constituted in 
Chicago. 

The present number of our Members is 650. 

I will not occupy your time by giving a list of the telegi'apliie 
works which have been eseciited during the past year, since they 
are well known to most of us, and are abundantly recorded else- 
where. But I will refer to a few of the more interesting novelties 
which have recently occupied our attention. Among these, I give 
the first place to the re-introduction of the Bain system of tele- 
grapliing by punclied paper and chemical decomposition, to which 
I have alluded iu the earlier part of my discourse — if tlie promises 
which this system appeal's to hold out are realized, it will have a 
powerful influence on telegraphy. 

The next discovery I would notice is that of Mj\ Edison, of 
Newark, U.S., who has made the interesting observation that when 
an electric current traverses a strip of paper moistened with certain 
solutions it acquires an extremely slippery surface, and taking 
advantage of this, he has constructed an instniment which may 
hereafter prove of mucli value in telegraphy. 

Mr. Ehaha Gray, of Chicago, lias timied bis attention to the 
Irausmission of signals by sound ; lie has exhibited instruments by 
ivhich musical sounds and even chords are perfectly transniifted 

VOL. IV. B 
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over telegraphic wires, and by his latest researches he finds that 
seven or eight or more difierent sounds can be all transmitted 
simultaneously over one wire, and, by springs vibrating in unison 
with the several notes, can be separated at the end. He is now 
engaged in applying this principle to telegraphy with prospects of 
success. 

M. Clamont of Paris has so improved the well-known thermo- 
electro pile as to render it probable that it may to a great extent 
supersede the use of the ordinary voltaic battery. 

The Duplex system, now so well known, has been also re-intro- 
duced from America, and I allude to it here, not only to point out 
the activity of thought and invention that is now going on in 
America and on the Continent, but to show how much remains to 
be done by original research and experiment, and how desirable it 
is that we should re-investigate, with the aid of the improved 
knowledge and appliances we now possess, the inventions and ideas 
of our predecessors. A boundless field now lies open to research, 
and I trust that before long this Socieiy may be in a position to 
offer the advantages of a laboratory, of electrical instruments, and 
of artificial lines and cables, to any of its members who may desire 
to prosecute fresh researches. 

I have no doubt the most interesting and gratifying part of my 
address will be the announcement I am able to make to you this 
evening, that the acquisition by this Society of the valuable hbrary. 
of our late lamented member Sir Francis Ronalds is now complete. 
Our sorrow for his loss is tempered by the remembrance that he 
lived to witness, to an extent perhaps never before vouchsafed to 
man, the wondrous success and development of that telegraphic 
system which he had done ^o much to perfect and to advance in his 
early life, and by the gratification which we know it afforded him 
to receive at the hands of his Sovereign a well-deserved recognition 
of his services to his country. 

By his will he bequeathed his library, which it had been the 
amusement of his life to perfect, to his brother-in-law, Mr. Samuel 
Carter, of Battle, and this gentleman, in fulfilment of Sir Francis 
Ronalds's desire that the library should be made available to all 
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^^■udeiits of electricity, has trauftferrecl the wliolo in trust to ihU 
^^TOciety, with a reversion to the Boyal Society, of whicli ho was so 

distinguished a fellow, in the event of this Sociefy becoming exthict. 

The deeds are now before me, approved, and only requiring exocu- 

Kn. Among' other provisions, it is stipulated that the collection 
dl be termed the '* Honalds Library," aud that wo shall at once 
blish the complete catalogue, which it has been the lahour of his 
life to perfect ; also that under due restrictions the library shall, as 
far as possible, be open to all who desire to eouault it, aud that wo 
^^^onld apply for a charter of incorporation. 

^^B I do not yet know the precise extent of the library, but I observe 
^Rut in a letter of the 2S)th March, 1870, to the Right Hon. W. E. 
Cirladstoue, acknowledging his intimation that Her Majesty had 
espresaed her intention of conferring tho honoiu- of knighthood on 
liim, he says, " this procedure may tend, in aotue small measure, 
to promote my endeavour to complete a much-requu'ed Electrical 
Library, of which about 10,000 books and otlier writings are col- 
lected, the fi'uit of many years' search, and which I intend to 
bequeath or give to public use."* 

This valuable collection of works will shortly ho transferred 
to our rooms at Broad Sanctuary ; aud, supplemented by the com- 
[ilete copy of the TrauHactions of the Royal Society, recently 
presented to us by Mr, Louis Crossley, of Halifax, and by the 
H of others already promised or presented to us, and by our own 
rchases, it will form one of the most complete special libraries in 
B world. 

I can assure onr Members they will find tho older writers, as 
rell as the more modern ones, well worth their attentive perusal, 
and full of suggestive thought and expei'iment. Occasionally they 
will meet with surprises as regards priority of discnvory. Even in 
my own cursory rearling I have been interested to obsei*ve that 
^.Gftlvaiii was not the first to notice the galvanic convulsioua of the 
r<Jg;t that Volta was not tho first to construct tlie Voltaic pile ;} 
is believed thnt tlie Cotalogne contains a list of nbout 10,000 works nnti 
IPpblctp, aud [IiBit tlui lilrarj' consists of ubotit 5,000. 
\ Hist, ood Mi;innirB Rojal Acad. SdcuciM at Paris, Miirtj-n, 171;.', p. 187. 
t Encycl. Brit. 1860, rol. i. p. 063. 
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that that elecrant instrument the Peltier electrometer was an 
English invention of the last century;* that Oersted was not 
the first to observe the influence of the galvanic current on the 
magnetised needle ;t that Wheatstone was not the earliest origi- 
nator of the electric balance ;i and that Thomson was not the first 
to use the instrument we familiarly know as the " mouse mill," or 
to perform the beautiful experiment of dropping zinc filings 
through a copper funnel in order to discover the difierence of 
potential induced by the two metals. § Some of these cases illustrate 
a well-known law concerning the simultaneous introduction of 
new inventions. 

There is only one other subject on which I will detain you this 
evening, and that subject is no other than the constitution of the 
Society itself. 

This Society, as you are well aware, has been modelled on the 
lines of the parent Society — the Institution *of Civil Engineers ; 
our rules, our constitution, and our proceedings, have all been 
closely copied from theirs. Our object is the general advance- 
ment of electrical and telegraphic science, and most fully have 
the hopes and intentions of the founders of the Society been 
thus far realised. 

As a natural result of our close imitation of the illustrious body 
in whose rooms we are now assembled, our proceedings and consti- 
tution have assumed, in a marked degree, a technical character, and 
there are those among us, and I confess I am one among the number, 
who consider that, while giving the highest consideration to 
practical telegraphy and applied electricity, we shall fail in 
covering all the ground which rightfully belongs to us if we do not 
equally cultivate both of the objects of the Society, and endeavour 
to attract the lovers of pure science, and to make ourselves as much 
an Electrical Society as a Society of Telegraph Engineers. Any 



♦ Milner's Experiments on Electricity, 1783, p. 1. 

t Journal Society of Arts, April 23, 1868. Hamel, Hist, of Teleg. 1869, p. 34. 
J Journal Society of Teleg. Engineers, vol. i. p. 206. 

§ Bennet's New Experiments in Electricity, 1789. Nicholson, Phil. Trans. 1788. 
Cuthbertspn's Electricity, 1821, p. 390. 



ono who will revort to the inaugural address of our <Iistiii{!;uishuil 
first PrOBtileiit, and to the nbaen-ations of thoso whu spoke on that 
occasion, will perceive that that finding is u very proraloiit one, and 
one worthy of our attention. It is true that oui- technical churacter 
is, in ono sense, a groat ftoiiree of strength, and it has, doubtless, 
boon the means of attracting many Members, wlio join our ranks, 
partly on account of the prafosaional value and interest of our 
pa|>ers, and partly from a feoling of professional esprit df. corpg. It 
would be most unwise to take any steps which oould by possibility 
weaken tliis feoling, but at the same time it behoves us to observe 
that we have not yet enrolled in our ranks, to any great extent, 
that large body of private scientific workers who love and pursue 
the science of Electricity without any thought of regarding it as a 
profession. The earliest society of this character — the " London 
Electrical Society," which was established in 1841 under tho able 
presidency of our distinguished Member Mr. 0. V. Walker, F.R.S. 
and whose proceedings form a valuable contribution to the history 
of Electricity — relied entirely on the support of this class of 
members : and tho rapidly inci'eaaing appreciation and love of 
physical science has cau^, and will cause, their numbers to 
increase immejisely; and it is among such as these that we may 
con6(lently look for the brightest discoveries of electric researcii. 
Now many of these will ask themselves. What right have I to 
consider myself eligible among n tSociety of Telegraph Engiueei-s, 

what affinity have I with them ? 

The Koyal Society will ever attract to itself the most important 
irs on subjects of high philosophical reseai-ch, but other societies 
certainly arise to fill tho electric void if we leave it vacant, 

[ready the want has been felt, and a Physical Society has been 
i-'onstituted, which is destined, doubtless, to attract many lovers of 
l>iire electrical science, who would willingly join our ranks if 
ilie character of our Society were more adapted to their require- 
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It has been suggested that some friendly alliance or amalga- 
mation might bo fonned with this young but importaJit Society, 
and if anything of tlie kind is to be attempted, or any effort is to 
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be made to give our own Society a more purely scientific character, 
it is evident that it should be done soon or not at all. Possessed of 
these views, I have gladly welcomed a proposition that I should 
become a Member of the Council of the " Physical Society," and, 
should I be elected to that office, would use my best efforts for the 
harmony and welfare of both Societies. It is probable that this 
important question will be again brought under your notice, but 
in the meantime I have thought it of sufficient interest to address 
you upon it fi-om the chair. 

I have now. Gentlemen, to thank you for the patience with which 
you have listened to my remarks, and to ask you all to lend 
your earnest assistance and co-operation throughout the year 
in endeavouring to increase the influence and prosperity * of the 
Society of Telegraph Engineers. 



Mr. William Hooper : Gentlemen, I am sure I need not tres- 
pass upon your time at any length in asking you to join with me 
in a hearty vote of thanks to our President, Mr. Latimer Clark, 
for the very elaborate and interesting address which he has given 
us, and at the same time to request him to allow it to be printed. 
I have followed him, as I am sure you all must have done, with the 
greatest pleasure and interest, through the history he has given us 
of the electric telegraph from its earliest stages down to the present 
day, and I think it is due from us that on tlie present occasion we 
should record our sense of the great services which our excellent 
President has rendered personally in the practical advancenient of 
the science of telegraphy and the adaptation and application of it 
to the great commercial and social requirements of the age in which 
we live. Scarcely any man has more contributed to that than our 
President, Mr. Latimer Clark, From my earliest days I took up this 
subject with very great interest, and I have followed it up, I may 
say, with some knowledge of chemistry, until I have witnessed the 
great success to which it has attained, and I repeat, in the consum- 
mation of that result, there are few persons to whom we are more 
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iiiflebted tlian to out President, With reference to the mention tliat 
haa been mkde of tlie library of the late Sir Francis llonaliU, I 
may stAte that through the courtesy of Mr. Samuel Carter I have 
had the privilege and pleasure of going througli that library. It 
has been very properly described as one of the most valuable tech- 
nical libraries in the world, and it must be a very gratifying fact 
to Mr, Latimer Clark that under his Presidency it has been con- 
signed to the keeping of this Society. The younger members of 
fhe profession, as well as we who are older in it, ■will find many 
works to interest them, and from which they can obtain a great 
deal of information. The Society may be congratulated upon the 
circumstance that tliis library has been accorded to it as a free gift. 
The recognition of Sir Francis Bonalds great services in the cause 
of telegraphy came, as we all know, late in life. I believe ho whs 
approaching four score years and ten when the late Premier 
recommended Her Majesty to bestow upon him the honour of 
knighthood. We may, however, congratulate ourselves upon the 
interesting fact communicated to us this evening, that this unique 
collection of works on Electricity and Telegraphy has now abso- 
lutely come into the possession of this Society, and will be made 
available to all its members. In conclusion, I beg to call upon the 
members present to join me in a cordial vote of tlianks to our Pre- 
Bident for tlio very excellent address he has favoured us with. 

Professor Hughes : I "beg very cordially to second the pro- 
position of Mr. Hooper. I havo hstened with great pleasure to 
the President's admirable address, and some of the suggestions he 
has made I think are very important, more particularly that when 
we are ricli enough we should establish a laboratory of our own, 
for there are many experiments which amateurs cannot carry out 
■licmselves, and it would be a great assistance if it should be 
j.(«aible to carry this out. I have great pleasure in seconding the 
vi:it6 of thanks. 

Tlie proposition was carried by acclamation, and, the President 
Iiiiving announced that Mr. Samuel Carter bad this evening been 
L'lectod an Honorary Member of the Society, the meeting 
adjourned. 
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ON THE HELIOGRAPH 



[27th Jan. 



The Thirty-second Ordinary General Meeting was held on 
Wednesday, January 27th, 1875, Professor Foster, Vice- 
President, in the Chair. 



The first paper read was — 

ON THE HELIOGRAPH OF MR. HENRY MANGE, 

By Mr. Charles Becker. 

Before entering upon a description of the Heliograph it ought 
to be remarked that the name given to the instrument by Mr. 
Mance is apt to give rise to some confusion. The word Heliograph, 
in itself a good one, has been for years used to denominate at Kew 
Observatory and elsewhere an Equatorial adapted to take photo- 
graphic pictures of the smi. The designation, ^* Sun Telegraph," 
which Mr. Mance also proposes, although not so euphonious, 
appears to be preferable, as it admits of no misconstruction. 

To use flashes of sunlight reflected from mirrors as signals is by 
no means new. When a carefully-worked piano-parallel mirror of 
very small dimensions is used it is incredible to what distance the 
sunlight may be transmitted. As far back as the year 1821, Pro- 
fessor Gauss, of Gottingen, constructed his celebrated Heliotrop. 
The construction is very simple yet ingenious. If rays of light from 

a very distant luminous body fall upon two 
mirrors which are at right angles to each 
other, the rays will be reflected from these 
mirrors in opposite directions. Let A B 
and C D be two mirrors at right angles to 
each other, then the ray S E will be reflected 
from the mirror A B in the direction E G, 
from the mirror C D in the direction E F, 
both being in the same line. Suppose such 
a system to be placed before the object-glass 
end of the telescope of a surveying instrument, say a theodolite 
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or a level, and one of tlie mirrors to be of black glass and very 
Btnall, tlien the observer would know that the reflected imngo of 
the 6I1J1 by the larger mirror would reach the distant observer when 
he sees tlie image of the sun in the small black mirror at tlie same 
time as he sees the locality of the distant observ-er tlirough the 
teiescojie. By this method a mirror of only a few square inches 
surface has been found sufficient to transmit flashes of sunlight 
to great distances, and has been of great value in trigonometrical 
surveys. 

The Trigonometrical Survey of India lias used for many years 
heliotropes for similar purposes of simpler construction. Large 
mirrors of from 6 to 10 inches diameter, with horizontal and 
vortical motion, the mirrors of ordinary good plate-glass, were 
found insufficient ; and we find it recorded that the aiu'veyors 
years ago had arranged among themselves a more or less primitive 
mode of sun -telegraphy, by merely shutting off the light and so 
transmitting signals by interrupted flashes. 

Through the general introduction of electric telegraphy, and the 
all but universal adoption of the Morse alphabet, it occurred to 
Mr. Manee, who has the advajitago of a thorough knowledge of 
both, and the privilege, if it can be called one, of a long residence 
in a country with plenty of sunsliine to develope and improve the 
existing appliances into a system. His aim has been to produce 
an instrument which is very compact, very portable, easily set up, 
and easily worked. Although ho was first in favour of larger 
instruments (which arc still preferable for permanent stations) he 
i» now convinced that an instrument of the size here shown is all 
that is requisite. 

The chief objection to the adoption of tlie sun-telegraphy is that 
we cannot command the sun to shine in the same manner as we 
Iiave command over a galvanic battery, and it must be understood 
that Mr. Manee advocates his system only as an auxiliary to otlier 
systems of field-telegraphy ; it would come into operation at 
Jiatances when other methods are useless or tediously slow, and it 
■ iiiiparos favourably with existing systems of signalling in cheap- 
!<('id, range, rapiiU^ of communication, and, lastly, in portability. 
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Tlie flashes aro invisible to any one placed far to the right or 
left of the direct line, so that from elevated points far distant com- 
munication could be kept up with a fortress without the besiegers 
having any suspicion of the fact. 

It would be superfluous to give instances, when within the last 
few years the use of these instruments might have brought about 
the most important results. 

The instrument consists of a light but firm tripod stand, similar 
to those used for prismatic compasses. 

On the top a plate is moved by a tangent-screw which admits 
of quick and slow motion, and the plate carries on a pin a semi- 
circular ring, which again carries on pivots tlie round mirror, the 
silvering of which is removed in the centre for a space of a circle 
about T% inches diameter. To the plate is also attached a simple 
key which is pressed down and springs back like an ordinary Morse 
key. This key is connected with the top rim of the mirror by a 
steel rod, which can be lengthened and shortened as occasion may 
require by turning the handle and screwing the rod through the 
small brass ball which secures it to the edge of the mirror. 

By means of the last-named adjustment and the tangent-screw 
the glass can be altered as the overhanging position of the sun 
may require. 

From 12 to 15 yards in front of the instrument is placed a 
sighting-rod. This rod is to mark a spot exactly in a line with the 
centre of the Heliograph and the distant station. A metal stud 
marks the spot, and a wooden cross-piece marks where the flash 
rests when not directed on the opposite station. 

The instrument can be set up ready for working in a few minutes. 
When the exact position of the distant station is not known, a flash 
of sunlight must be thrown in the direction of the most likely points, 
and this must be continued till it is answered by a flash which indi- 
cates that a distant signalling-party is on the look-out. 

Then after releasing the tangent-screw the glass must be turned 
to a convenient angle, and the sighting-stick must be directed in a 
line with the distant station by looking through the small aperture 
in the centre of the mirror. When this is effected the stud must 
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ho raised or lowered lill it is in tlio line of vision on a level with 
the p.eiitre of the glasf, and the distant flash and tlic short cross-piece 
must be pkced at right angles to the upright, ahout a foot below tho 
Btud. After thus adjosted, the instrument ought not to be moved. 
The spot win be observed gradually to rise or fall according to 
the direction in which the sun is apparently moving. The handle 
of the key, or the tangent-screw, or both, as the case may be, must 
be turned slightly after everytwo or three worda to ensure, as far 
as possible, that the centre of the spot shall be on the stud when 
the key is pressed down. 

When the sun is rather low iu the heavens and behind the 
signaller, it becomes more difficult to direct the flash with accu- 
racy. In consequence of tho obtuaeness of the angle the spot loses 
ii-^ circular form, and becomes rather dim when reflected on tlie 
-tick. If it is required to work frequently with the sun in this 
]"iiition, tlio employment of a second glass on a light trijKid stand 
i" recommended. 

But it would be useless here to outer more into tlie minutice of 

working the instrument; suBice it to say, that in experienced 

hiinda twelve words per minute have been obtained, while others 

slate that men, after a fortnight's practice, could attain only from 

fear to five words per minute. As to the distance, ten and twenty 

' miles, and, in very clear weather, forty miles, have been obtained. 

A number of officers of the Indian army have ti'ied and reported 

upon these instruments, and, with the exception of one, all report 

most favourably of the system as an auxiliary to existing systems, 

and efforts are being made at the present moment to ensure their 

w idoption for the Indian service by the authorities. 



At tho Chairman's request Mr. Becker illustrated tlie working 
of the instruments exhibited in the room. 

Mr. GooDE, being requested by the author of the paper to give 
furthop explanation, said : The instrument consists of a mirror 
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placed on a tripod with due means of adjusting its inclination 
according to the position of the sun and tho place to which signals 
are to be sent, and of a lever or telegraph-key to alter that inclina- 
tion so as to throw the reflected flashes of light on and off a given 
spot. The adjustments are so contrived that they may be easily 
thrown out of gear to admit of the mirror being revolved freely 
by the hand to its approximately correct position, and then by 
restoring connection to move it with fineness and exactitude in 
accordance witli the (apparent) motion of the sun. The free 
revolution of the mirror serves another purpose. When the 
position of the observer is distant and not accurately known, a 
flash of light can be thrown round the horizon right and left to 
attract attention, which, if a look-out is kept, it soon succeeds in 
doing. 

The object of the sighting-stick is this. There is a little hole in 
the centre of the mirror through which the signaller looks towards 
the place he wishes to communicate with. At a short distance from 
the mirror the stick is placed exactly in a line between the centre 
of the mirror and the distant object. On the stick are two move- 
able metal nuts. The top one is moved up or down until .it is in 
a true line between the mirror and the distant station. The lower 
nut, which carries a wooden rod about a fbot long, is then placed a 
few inches beneath ; the short rod being across and at right angles 
to the sighting-stick. It will be observed that the true line of 
communication is the upper stud. When the instrument is at rest 
the sun-flash thrown by the miiTor does not rest upon the stud but 
on the cross stick beneath, but when the mirror is inclined a litUo 
by the pressure of the lever key it lifts the flash just up to the top 
stud. The signaller knows when he sees the light there that the 
flash is sent in a direct line to the person to whom he wishes to 
signal, and he has only to observe that the flash each time he 
presses the key rises to that stud to feel assured that his aim is 
true. These flashes can be seen in ordinary sunny weather at a 
distance of 50 miles in our own climate, and at 70 to 100 miles in 
a climate like that of India; in fact there is no limit to the 
distance except the obtrusion of the rotundity of the earth. It will 
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bo observed that as the sun is constantly moving, tJbo adjustmont 
of the mirror to keep the flashes in a. true direction must also bo 
constant, and this can be done while the signalling ia in progress. 
The Heliograph thus affords a ready and simple means of holding 
communications between any two stations, no matter bow distant if 
nothing intervenes, and it is therefore a telegraphic apparatus com- 
plete in itself. But of course it is not of the same universal applica- 
tion as the electric telegraph, inasmuch as it can only be used in tho 
day time when the sun is shining, and between positions where 
nothing intervenes. But there are many coonti'ies in the world 
where the sun shines in the daytime almost throughout tlio year 
— in India for example. Many such countries are but partially 
developed, where electric telegraphs would not pay, and it may be 
taken for granted they will not therefore be laid, It is believed 
tliat in such counh'ies the Heliograph might be brought into 
I'lLlinaiy use, and that it would prove a valuable auxiliary or 
■ (Institute for the olecti'ic telegraph. But the chief tlung Mr. Mance 
lias had in mind in the construction of the Heliograpli ia to make 
it suitable for military purposes. With that view it has been oon- 
stmcted as light mid portable antl as little liable to injury fi-om 
roQgh treatment as possible. Tlie whole apparatus witJi the cases 
weighs only 6 lbs,, and it can be easily carried by a soldier. You 
are aware that the means at present employed for communication 
between detached parties in tho field is by flags, whilst in tho 
extended operations of war the field telegraph is, wliere practicable, 
laid down along the main lines of communication ; at shorter 
distiinces flags are waved in the air, and signals accordijig to the 
Morse or other code of long and short motions are transmitted. 
It is impossible that tlie Heliograph should take the place of flags, 
because it cannot be relied on in all weatliers, but the far wider 
range and greater speed attained by it suggest it as the natural 
aiodliary and complement of flags, the one or the other being used 
seeording to the surrouuding conditions. 

The shortcomings of the Heliograph in comparison with tlie 
electric telegraph are so obvious that it ia worth while to mention 
one ot two of its advantages, viz., cheapness of production, the 
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non-necessity of the laying or maintenance of wires, and the 
establishment of commimication between positions where the laying 
or maintenance of wires would from physical or political causes be 
impossible. More than this, the telegraph can communicate only 
in the direction of the wires ; the Heliograph can send messages in 
every direction with equal facility ; and whereas wires may be cut 
or tapped, the Heliograph may be used with the most perfect 
secrecy and security. 

The originaliiy of principle in this instrument claimed by Mr. 
Mance is the adoption of a telegraph key to a mirror, by which he 
makes the mirror an active agent instead of a passive one, and so 
endows it with the capability of transmitting verbal messages, and 
of receiving them in return. The Heliograph is, it is believed, the 
first sun-reflecting instrument ever constructed avowedly as a 
talking machine, and differs as essentially from a heliostat or 
heliotrope as does our sun from one which should send his rays 
in intermittent pulsations wifh a desire to enter into conversation 
by means of the Morse code. As regards the distance at which 
the signals can be seen, a report from the department of the 
Quartermaster-General of India, embodying the results of experi- 
ments made by officers specially instructed to carry them out, 
says : " All the reports agree that the signals are perfectly dear 
and satisfactory ; that they can be easily read in ordinary weather 
up to a distance of 50 miles." It may seem a little incredible that 
a sun-flash can be seen at so great a distance as 50 or 100 miles, 
but a flash from the Heliograph is like a flash from the sun itself, 
and the reflected rays make observers as sensible of their presence, 
at whatever distance, as though they came direct from the sun. 
With regard to the value of the Heliograph in military operations, 
the same report recites cases in which ** three or four Heliographs 
would be worth their weight in gold." As a further instance it 
states that in the late Abyssinian campaign, " where for want of 
wire the electric telegraph stopped at Antalo, a few * Heliographs 
would have extended the means of almost instantaneous communi- 
tion up to the walls of Magdala. As it was, mounted orderlies bad 
to be used to convoy messages along this part of the line." 
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Major Webber, R,E,: I tliiak tlicre is one feature in cnnncttiiiii 
with tliis apparatus wLicL is novel — at least I think it is new — anil 

,t is that the signals are transmitted by the obliteration of tlio light, 
not as is generally done with the instrument now in use, by 
file exposure of the light Some time ago I heard of this njiparatus 
being used during military raanosuvres in the Madras Pr6sideKC_>', 
and an officer told me an instmmont somewhat simitar to this, Ijut 
more aimple in form, had been successfully used for signalling to 
distances of 20 or 25 miles. When ho described this instrument 
it struck me there was a point which might be said to be a strong 
one in it-s &vom' : that is, by the mode of transmitting signals, as 
I have said, by the obliteration of constantly -exposed light, and not 
by the intermittent exposure of the light, as is usual with the lamp 
upparatns which is used for military and other purposes. In 
working signals sent by lamps at night it has often struck me that 
iliere was a source of delay which I did not aco any way out of, 
liat wliioh this instrument I tliink has got rid of. When you are 
reading signals (of course there Is a difference between day and 
night) the use of a bright light like this in daytime and the use of 
a lamp at night assumes the appearance of a small speck of light, 
Uiore not being much difference in practice between the two. But 
when you are working at uiglit with lamps through distance into 
space, you are obliged in the ordinary mode of signalling to watch 
for your light, and if your oyo is not caught — that is, if yon do not 
look actually in the right direction till iliere has been a succession of 
flashes which draw the eye — you may not see the first signal, or you 
may move your eye and lose the signal, and a repetition is required, 
With this system, with continuous exposure of light, you have 
something always to look at, and the signal is made by the obIit«- 
raUon during a short or long space of time to represent a dot or 
da^h. I see my way to beUeving this system enables you to send 
agnala at a much quicker rate than you can do by the old plan. 

Colonel Stotherd, R.E. : The system of signalling, by the 
oUheratiou of the light, has been adopted for mUitary jjurposes 
for the reasons given by Major Webber. In signalling by lamps 
at night we now use a steady continuous light to indicate the 
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position of a station and the obscuration of the flash for long and 
short intervals on the Morse principle to send a message. I may 
mention, with reference to Mr. Mance's instrument, that it has 
been tried at Chatham on two occasions. Instruments very similar 
to the form now exhibited were tried, and though they may not be 
applicable for signalling purposes in a country like this, where the 
sun only shines at intervals, still we saw enough to prove that, in 
a country like India, where sunshine is the rule, this system of 
signalling would be effective and practically useful, and I believe 
the reports upon it have been very favourable. There is a collateral 
point with reference to reflected sun flashes which may be interest- 
ing, namely, that it has been used for many years in carrying on 
the great triangulation of the Ordnance Survey of the United 
Kingdom, and observations for trigonometrical purposes have been 
taken by an instrument called the heliostat at distances up to 110 
miles in connecting England, Scotland, and Ireland, for this great 
national work. It was found superior to any other apparatus. We 
tried the lime-light, arranged by the late Captain Drummond, ILE., 
for this purpose, but found the heliostat to be superior. It has been 
employed up to a distance of 110 miles, and could be seen even 
further. The heliostat is, in principle, precisely similar to Mi*. 
Mance's apparatus, the reflected rays of the sun being used to 
produce the pencil of light. 

Major Bateman-Champain, R.E. : We cannot deny Mr. 
Mance the credit of having most ingeniously adapted two pretty 
well-known ideas. The heliotrope has been used as we know, for 
giving signals indicating locality, but not for giving news. Mr. 
Mance has combined the Morse system of signals with the use 
of the reflecting mirror, and although Major Webber seemed 
to think the key arrangement a little complex, I am inclined 
to say that you could hardly have a more simple and handy 
instrument than this. I see no reason why an ordinary sig- 
naller accustomed to the Morse system should not work the 
instrument nearly as fast as the ordinary key instrument. The 
signals can be sent by obliterating the light, or they may be sent, 
if preferred, by throwing the light in long and short flashes. The 
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apparatus appears to me light, handy, and easy to adjust. The 
arrangement of the cross-stick is simple, and I know from tlic trials 
made that the rays of light can be directed with great accuracy 
upon distant objects. I have always thought it would have been a 
very valuable instrument 'on occasions, such for example as the 
siege of Paris, where it might in some ways have given results 
not otherwise attainable. For instance, in time of sunshine signals 
could have been sent to a single concealed individual 20 or 30 
miles distant, while it would have been impossible for the enemy 
round the city to know that the signals were passing. Nobody 
could see the flashes except the people to whom they were directed. 
I think this is a valuable adjunct to the other more regular methods 
of communication, especially in countries like India, where for 
the greater part of the year the sun's rays can be surely counted on. 
The Chairman : If no other gentleman has any further observa- 
tions to offer, I will venture to make one remark, although I have 
no practical experience- in the use of instruments of this kind. The 
merits of instruments such as this, which do not involve anything 
new in principle, depends on the way in which the details of tlieir 
construction are adapted to the purpose for which they are intended, 
and it appears to me that there is one contrivance connected with 
the instrument before us to which previous speakers have not 
specially alluded, which is worth pointing out, on account of its 
simplicity and obvious efficiency. I refer to the way in which the 
light is kept directed upon the station with which communication is 
to be made. This, as I understand, is effected by removing tlie 
silvering from a small part of the centre of the mirror, so as to 
obtain a transparent spot from which there is little reflection. A 
'fixed line is thus obtained, determined by the centre of the mirror 
and the centre of the stud, and at the same time the operator can 
tell, by looking through the unsilvered part of the mirror at the 
stud, and keeping the reflection from the middle of the mirror 
upon it, that the light is being thrown in the required direction. 
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The second Paper read was : — 

ON VIBRATIONS DUE TO EARTH-PLATES. 

By James Graves. 

Although six years have elapsed since the transfer of the working 
apparatus from the Valentia temporary station to the new buildings, 
it may not be uninteresting to the members of the Society if I 
recount the difficulties which I met with in establishing the work- 
ing from the new station upon a satisfactory basis, as there is a 
something in connection with this subject which requires elucida- 
tion, and which may have been experienced by others elsewhere, 
and, if so, members may now have an opportunity of bringing their 
experience forward for the benefit of the Society, and in advance- 
ment of the science with which it is so intimately connected. 

At this station the battery room, cable instrument room, and land 
instrument room, join end to end, and form part of one side of the 
building on the basement floor. 

In fitting up the offices I led all the battery wires from the 
battery room to the instrument rooms through the walls and under 
the floors to their respective instruments. 

I provided five separate earth-wires, numbered 1 to 5 in the 
plan. Nos. 1 and 2 were thick copper wires, buried naked in 
trenches for about thirty yards, in opposite directions, and termi- 
nating in pits, into which fresh water drained. No. 3 was the iron 
sheathing of a cable laid to low-water mark in the beach, and 
about 200 yards long. Northward from the station, No. 4 was a 
copper plate, about a yard square, soldered to the stranded con- 
ductor of this cable, and buried in the beach. No. 5 was another 
copper plate, on the end of the conductor of a similar cable, laid to 
the southward from the station ; Nos. 4 and 5 being about 300 
yards apart. 

Nos. 1 and 2 were intended for working the 1865 and 1866 
cables respectively. Nos. 3 and 4, iron and copper, were intended 
for testing purposes, and No. 5 for working the land-lines to London. 
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^Bbus, I foiidl^ inLagiued that as far as earth-wires wore coiiccrncil, 
my arrangemeuts were as complete as possible. 

Two wires had been laid in Iron pipes, between tlie old and new 
stations, in a trench, for five miles, intended for line-leading wires 
for the two cables, but it required little knowledge of tlie effbeta of 
induction to foresee that this arrangement would not work, for two 
gutta-percha coi"ered wires laid side by aide in the same ii'oii pipes 
for BQoh a distance were calculated to call forth rather powerful 
inductive phenomena, especially upon cable apparatus. It was not 
^gi all surprising, therefore, to find that to work two cables at tlio 
^^pne time under such conditions was an utter impossibility. 
^^r However, as one of the cables was broken a month or two prior 
to the transfer from the old to the new station, it was not imme- 
diately necessary to work the two cables simultaneously. 

Immediately after joining up the working apparatus I observed 
tliat there was a permanent vibration of the mirror and " spot," 
wliether the cable or land-lines wore working or not, but when 
either one or both of the land-wii-ea were at work, paiiicularly 
when sending, much more violent oscillations were noticed, which 
so confused the signals that tlie reading was most painful aud 



By carefully observing the nature of the more violent diaturb- 
i I concluded it to be due to induction between the battery 
I under the floors — those for land-lines passing in close 
teamity to those for tlie cable instrument, I therefore removed 
B battery for the cable from the battery room to the cable room 
I used fresh battery wires by a different route, and thus 
Jiaedied that portion of Uie disturbance which was due to indue- 
on, but still there existed that unceasing trenibhng of the spot, 
a waa not due to the vibration of the bnilding, nor of the pedestal 
pticliwas built in the ground, and quite clear from the floor; uor 
pas it the result of the vibration of the earth, for if it had bceu 
py of these the effect would have beeu tlie same whether the 
plvanonieter was short-circuitod or not, whereas if short-circuited 
« vibrations ceasotl immediately ; if was therefore an electrical 
Bbct from somewhere, and no conceivable permutations of the G.va 
o2 
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different earth-plates tended to reduce it in the slightest degree, 
"Vibrations" was the complaint of the staff from morning to 
night, day after day, and no remedy seemed available. " Vibra- 
tions " worried me by day and haunted me by night Having but 
one cable for all the traffic it made experiments most tedious. 

I may mention that I tried resistances between cable and appa- 
ratus — between apparatus and earth. I tried condensers in various 
positions, with and without branch leakages to earth. I used 
direct wires from batteries, and through the window to the line 
wire on poles to avoid possibility of induction. I insulated all the 
batteries most carefully and suspended the cable batteries by cable 
core, yet none of these things reduced the vibrations. The effect 
of inserting resistance in any part of the circuit was merely to 
reduce the amplitude of the signals, and of the vibrations in the 
same proportion. Reducing the sensitiveness of the galvanometer, 
or varying the battery power, had the like effect. 

Although the earth wires, Nos. 3, 4, and 5, were buried under 
sea-water in immediate connection with the ocean, they gave no 
better results than those plates which were buried in the land; 
and believing that the disturbance arose from the earth, and finding 
no local earth-plate of any avail, I determined to try further off. 

There were five miles of wire on poles between the old and new 
stations standing idle. I made earth by one of them one-eighth of 
a mile along the route (No. 6) by means of an iron stay, but tliat 
was no use. I then tried one mile off, but vibrations were the 
same with that earth (No. 7). I then connected up a wire for 
earth to the system of water-pipes leiading 300 or 400 yards 
through the fields to the water cistern (No. 8) but fomid no advan- 
tage in that. I then went to the last pole but one of the five mile 
length and made earth (No. 9) by the iron stay, being within 
50 yards of the buried shore end of the ocean cable ; vibrations 
then disappeared and the spot was perfectly steady. Earth was 
thus, doubtless, virtually made by means of the shore end of the 
cable. 

But it was most unsafe and unwise to have five miles of aerial 
wire connected with the apparatus for working an ocean cable, 
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therefore the next step I took was to join up the second wire in flio 
iron pipes to the iron sheathing of the shore end of the cable and 
use it as an earth for working the 1865 cable. On making tlie 
corresponding alteration in the new station, this arrangement was 
found to be absolutely free from disturbance, and * Vibrations" 
became for ever a thing of the past, to the great relief and comfort 
of all concerned. The two wires in the same pipes being used, one 
for line and the other for earth, gave perfect signals without the 
slightest vibration. 

It thus became a recognised necessity to lay a pair of land cables 
for each ocean-cable between the landing-place and the working 
station. There are at present three pairs of these cables in one 
trench, each pair preserving the same relative position throughout 
the whole length of the trench ; one pair of cables lying on each 
side of the central iron pipes containing the third pair, and a 
fourth pair lying in another trench on the opposite side of the road, 
and up to the present time no sign of inductive interference has 
been observed, but it is necessary to confine each pair of cables to 
their respective ocean-cable, as any crossing of them would produce 
inductive interference. 

I have just watched three cables being worked to and from 
Heart's Content simultaneously without a shadow of interference 
one with the other, or the shghtest sign of our old vibrations, 
although the shore ends of these cables lie close together for a con- 
siderable distance between high-water mark and the cable house, 
where all land and sea-cables concentrate into a test-box. A brief 
description of this test-box may here be given. Upon a wooden 
base four of Elliott's dry-air chambers are fixed. These consist 
each of an oak base hollowed in the interior, forming a shallow 
trough, in which is placed an ebonite bottom, supporting three 
ebonite pillars, with binding screws at the top, and also a strip of 
brass from the bottom of each, furnished with a binding screw ; to 
the latter are fixed the sea-cable and land-cable, to the two outer 
screws, and the trough is then filled up with melted paraffin wax ; 
the three pillars are covered with a brass cap with glass top, 
enclosing also a small glass containing pure sulphuric acid, to keep 
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the air dry ; a cross connection is made inside the cap joining the 
land and sea-cables. 

I have made some additions to these dry-air chambers. At the 
end of the trough, behind the brass cap, I have fixed two binding 
screws, or terminals, to one of which is connected the land-cable 
used for earth, and to the other the wire which is soldered to the 
iron of each shore end, the two terminals being joined across by a 
brass strap, which enables me to disconnect with facility the land- 
cable from its earth connection for testing its electrical perfection 
from time to time. 

From the terminal in connection with the shore-end iron a wire 
is joined to the central pillar inside the dry chamber, making an 
earth connection between, but insulated from, the land and sea 
line-cables. A washer, into which is fixed a platinum point, is put 
under the nut of the sea and land cable binding-screws, pointing 
to the centre one. The latter has a washer with two platinum, 
points, which, when in position, point to the two others, and thus 
form a lightning protector for each of the cables. 

These four dry-air chambers are enclosed in a mahogany case, 
with a plate-glass top, which forms a most convenient and effectual 
test-box. 

By means of the arrangements herein described, it is now 
possible to work four cables quite independently or simulta- 
neously without the slightest interference with the signals, but the 
old vibration phenomenon can be reproduced at a moment's notice 
by simply joining up a local earth to any of the cables for working, 
proving that it was no temporary cause which affected the appa- 
ratus, prior to the remedy being discovered and applied, but a 
permanent influence, which can be brought to view at any time. 

Such are the observed facts and the means used to remedy the 
evil ; but what is the cause of these vibrations ? 

To trace this I think we must glance superficially at the geology 
of the island. On the west, north, and east the whole coast is 
rock, more or less raised above the sea level ; this rock is chiefly of 
a slaty nature, and of variable quality ; in some parts the cleavage 
is nearly horizontal, and in others at various angles, whilst on the 
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south sido of tlio island, wUidi is but a few feet above Iiigli-ivntcr 
level, the oleavage of tlio slato-beds is nearly jiorpciidicular. Tho 
hilla are chiefly of slate ; tlio celebrated Vnleiitia Slate Quarry 
being in the highest one, rising 877 foet above sea-level. The 
ialand appears, therefore, to have a slate-bed, over which lies in 
the low ground a deposit of Iianl clay, containing largo boulders 
and many large white quartz -atones, whilst in the valleys and flat 
ground are large fields of pent bog overlying the clay. 

The new telegraph station, at the north-eastern end of the island, 
close by the shore, stands upon a bed of peat contained in a basin 
of clay, in a plot of land, with a frontage of 140 yards. The clay 
at each end is but a few inches from the surface, wliilst in the eenti'e 
it is 5 or 6 feet below the ground level, and this depth bad to be cut 
through 10. reach the hard bottom on which to lay the foundation. 

It win therefore be seen that any number of earth-plaies buried 
in this basinful of spongy wet peat would virtually form but one 
plate, inasrauob as the dry bard clay, underlying the peat, and 
resting upon a rocky bottom, would prevent elocti-ical currents 
from perfectly penetrating the earth's crust and so give a *' bad 
earth," besides tending to promote polarisation between them, 
through the spongy medimn, and this may be a probable cause of 
the difficulties experienced. 

The earth-plates tested for resistance give an average of 5'16 
ohms, but these resistances can HOai'cely be accepted as being the 
resistance offered between them and the earth's crust respectively, 
l)ut rather as the resistance duo to tlio plates and the medium 

^ween them. 

But taking a land cable of a known resistance of 42'6 ohms, 
joining the farther end five miles off to the iron of the shore end of 
a cable, and testiug its resistance witli vai-ious cartlia at the station, 
I found No. 3, iron eai:th, gave an excess of l(i ohms, or say 8 ohms 
tr each, while three different copper earths (Nos. 2, 4, & 5), gave 
for their share, and a fourth copper (No. 1) gave 50 ohms ; 
pas in higher ground and not so good as the others. Pai-t of 

iIh 29'8 was due to battery current between iron and copper 

ites. But as the two iron earths gave only 8 ohms each, it does 
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not appear that the resistance to earth was very great : however, it 
is possible that, although five miles apart, the circuit between tlie 
plates may have been completed above the slate bed, and not have 
entered the earth (technically so called) at all. 

Assuming that the plates gave " bad earth " only, one would 
suppose that interference with signals by vibrations would only 
occur when one or more of the lines were at work, and that, by 
finding a bad exit to earth, a portion of the working currents 
would charge the condensers of the cable apparatus through the 
medium of the earth-plate and so cause a vibration of. the mirror. 
Were this the case it would not be so difficult to account for the 
phenomenon, but these vibrations are perpetual, never ceasing night 
or day from one year's end to another so long as the cable apparatus 
is connected to a local earth-plate, it being quite immaterial whether 
any other line is at work or not, and therefore they must arise from 
the earth itself. 

Electricity is, I believe, credited with a large share in the 
formation of slate and other minerals, and in this island slate may 
be found in various stages of perfection. Can these vibrations be 
due to a perpetual series of charges and discharges in the slaty 
formations, the cleavage being nearly vertical in the vicinity of the 
station ? Or what can the Members of the Socieiy of Telegraph 
Engineers suggest for tracing satisfactorily the origin of these 
"vibrations?" 

In the discussion upon " Earth Currents," on 12th March, 1873, 
this phenomenon was briefly referred to by Mr. C. F, Varley, and 
he remarked that "great discussion had taken place about the 
origin of these vibrations, which he had observed in 1858 ;" and 
Mr. Winter also stated that he had noticed the same thing, and had 
remedied its evil effects by the use of an induction coil, and hoped 
before his return to India to give further information on the sub- 
ject, which would be very acceptable ; but it would appear that, 
although we have discovered this phenomenon in different places, 
and applied different remedies, we have arrived no nearer to a 
satisfactory solution of its origin than we were sixteen years ago. 

If any member can suggest anything with a view to tracing its 
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origin, aiitl the maiiiior In wliich these vibrations are prodiicoJ, I 
shall be glad to carry out such suggestions as far as lies in my 
power. 






Mr. W. H. Pbeece: I may add tbattho Paper bas been perused 
by our President, and he has called attention to the fact that some 
years ago a somewhat similar phenomenon was observed in a part 
of Derbyshire, -where great difficulty was experienced In establishing 
earth, and the wire had to be carried a considerable distance to 
make it. I may state fiirther, that Professor Fleeming Jenkin, in 
Nature, describes an insulated island, St Pierre, where the same 
phenomenon was experienced. A similar instance occurred to 
Mr. Cullay in some experiments ho made at Toi-quay, where it was 
found impossible to establish good earth till the wire was carried 
some distance into the sen. I remember myself a ease in the chalk 
district, near Salisbury, where it was impossible to establish eartli 
near the station, and the wire had to be carried two or three miles 
off, whore a well was found which went deep into the chalk, so 
that the difficulties attending this matter, as well as tlie peculiar 
phenomenon mentioned by Mr. Graves, are well worth our study. 

Ml-. Morgan ; I have made experiments with land lines from 
London. The Idea was suggested to me by having to take observa- 
tions for eartli currents two years ago for Mr. Culley ; the result 
was so interesting that I have frequently observed them since. I 
joined a galvanometer used for bridge testing, the resistance of 
which equalled 1,600 ohms, to wires leaving London indifferent 
directions, and invariably got a deflection of about 10" or 15" and 
Bometimes up to 50", hut was unable to ascertain the reason for 
that result. 

Lately I have been b-ying wires to the west of England going 

Exeter, and on one of these I got a deflection of 50", showing a 
positive current. It gradually went down to zero In 15 mins., and 
for an hour and 20 minutes it shewed a steady negative current 
ranging from 0" to 55°. I had the wire diseoimected at Bristol, 



and the deflection dBcreaaed from 55° negative to 15° negativ 
filiowiiig a snddoii fall of 40°; the diacoiinectiou was distinctly seeiij : 
it was done by time. After standing steadily at that for 15 minutesj 
I Jiad it joined np at Bristol and disconnected at Exeter ; the deflec- 
tion rose to 35° and for about an hour tie variations were very 
steady, ranging from 35° down to zero and up to 15° on the positive 
side; tlie fluctuation continued up to the time I had the wire joined 
up straight, showing about 3 hours and 20 minutes earth current, 
reading from one wire. 

I have tried several wires at different times, but not with such 
interesting results. I have also tried wires disconnected at Bir- 
mingliam and Manchester, but the disconnection does not appear 
to alter tho deflection much, that is to say, supposing a wire to give 
20° of current, when the same wire is disconnected at the above- 
named stations the deflection does not fall more than 5°. . 

The approximate strength of these currents would be as follows. 
Supposing a circuit be formed of resistance coils i-anging from 100 
up to 20,000 ohms, one Daniell cell and the galvanometer used, 
for the above experiments, let the resistance coils bo plugged up, 
that is to say, with no resistance in tho circuit excepting the one 
cell and galvanometer, and the deflection noted : it equalled in this 
case about 70" ; now by introducing resistance until a deflection t 
obtained equal to the highest reading of earth-current — this would 

equal about ohma ; of course, by increasing the resistance, 

the deflection will decrease, and if tliig ho noted, say at every 5° of 
fall, a fable can be made, giving the approximate values of the 
earth-current deflections, but, as we do not know the strength of 
the earth-current from where it enters the wire, accurate results 
cannot be obtained. 

I have made a diagram, showing the variations of these currenta| 
it is on the same principle of construction as a barometer chart, and 
shows the ti'avel of the needle for 3 hoiu-s and 20 minutes. 

Whenever I have had wires disconnected at a distance of 200 
miles from London tho fall of deflection is very small, and I can 
only suppose it to be due to earth-currents, but from what cause I 
am unable to say. 
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Current from one Danicll cell through galvanometer of 1,()00 
ohms = 67° : 

Through 1,600 ohms. 
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Mr. R. Gray : In the reading of the paper 
whether Mr. Graves, in taking tlio cable wire off, tried to make 
earth at sea. 

Mr. W. H. Preece : After he made earth from the external 
wires and cable, he continued to make use of that earth and no 
other. 

Mr. Gray : Are you able to state whether the outside sheathing 
of the cable had at the same time earth on ? 

Mr. W. H. Preece : No ; he had only one, and then the vibra- 
tion stopped. 

Mr. Gray : The question is, whether between the other end of 
the cable there was not some bad connection owing to some inter- 
mittent connection with the earth-plate, which would give a slight 
impulse now and then, and owing to the length of the cable it was 
made more perceptible ; or perhaps there was bad connection with 
the earth itself. 

Mr. Bordeaux : I recollect Mr. Varley telling me some years 
ago, in connection with a cable which was then being laid in the 
English Channel to connect the French Atlantic line with England, 
the earth used by the French Government Office being very close 
to the earth used in the French Atlantic Office, that the difficulty 
of working, in consequence of variable currents showing on the 
mirror instruments, was so great, that Mr. Varley laid a wire 
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direct to where the cable was landed at Minon, and formed a con- 
nection with the outside sheathing ; therefore, I think the novelty of 
carrying the wire from the office to the cable is not altogether due ' 
to Mr. Graves. There ckn be no doubt the variable currents arose 
from the fact of the signals being received at the French Govern- 
ment Office communicating through the earth to the mirror instru- 
ment in the French Atlantic Office. I think Mr. Graves is right 
respecting the earth-plates, being so close, giving off these currents, 
but there is something curious in Mr. Graves' observations, show- 
ing the vibrations to be so continuous and so regular. It would 
be well if Mr. Graves could give us some further information as to 
whether the vibrations were measured, whether they were quite 
constant, or whether they were erratic, as that information might 
enable us to make some further researches into the matter. 

Mr. Morrison : I remember when I was in Newfoundland, in ' 
1858, we were there troubled very much with vibrations of this 
description. They were not always long ones such as were men- 
tioned by a gentleman just now, but they were short. They 
looked very much like signals which might be received through a 
cable, but at that time we looked upon four words per minute as 
something very good ; but there were also besides these short 
vibrations long vibrations, so that the spot of light moved back- 
wards and forwards — moved altogether on the scale, so that the 
zero altered considerably. But curiously enough the station at 
Newfoundland was not where it is now but in the Bay of Bulls, 
and the ground was something like that described at Valentia, 
There was peat beneath the clay and I know there was difficulty 
in getting earth. We did all we could, and at the end we had 
not good earth ; but the cable itself was so bad that we did not 
reially know what was wrong : at any rate nothing was right and 
therefore we presumed everything was wrong. But still there 
was the fact that we had these vibrations and the same kind of 
earth described by Mr. Graves. The vibrations at Valentia, it 
seems, were got rid of by connecting up with the outside of the 
cable. One can understand in the case of two wires, one to earth, 
and one a cable wire, for five miles there would be no difficulty of 






^75.] ON VIBKATIONS DUE TO EARTH-PLATES. 45 

idixction between these wires themselves or any other wires 
longside, because those would be in equilibi'iura. These vibrations 
irere however got rid of. It seems to me possible that something 
ike this might occur : take the case of Valentia, earth at the 
American end of the cable might become changed from some 
lause or other not mentioned now to a different degree from earth 
tt the eastern end of the cable. Now if the earth-plate at Valentia 
Lid not make good connection with earth, the best way for the 
jurrent coming to that earth-plate might be through the core of 
ihe cable. If on the other hand the earth-plate at Valentia had 
good connection with earth, the quickest way for the current 
3oming would be through the sheath. If that is the case where 
you have bad earth you must expect vibrations, and where you have 
got good earth you may be quite sure you will have none. I think 
the fact that the current may possibly in the one case come through 
the cable more easily than through the sheath may account for the 
vibrations ; and I can understand in this particular case at Valentia 
the earth was about as bad as could be. 

Mr. Donovan : I do not think the earth at Valentia was so bad 
as that, for ordinary telegraph purposes, the vibrations would have 
been noticed, but the instrument used was so sensitive that the 
slightest vibration gave a trembling on the galvanometer, which 
was a mirror galvanometer. I think in an ordinary land line the 
earth-current would not have been noticed at all. I had thought it 
might be due to some chemical action on the earth-plate' which 
affected the galvanometer. 

The Chairman : I would ask Mr. Preece one question ; it may 
be answered in the Paper, but I do not recollect if it is, viz.,. 
whether there is any special virtue in using the sheath of a par- 
ticular cable at the earth-plate for that cable, which I understand 
Mr. Graves has done, or whether the effect of using the sheath of 
the cable is not simply equivalent to sending the earth-plate a 
long way out to sea ? It seems to me that these rapid vibrations 
must have been due not simply to bad earth in the ordinary sense, 
nor again to earth-currents, but to a rapidly-varying electrification 
of the whole island, from whatever cause it may have arisen. If 
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this were tlio ease we might expect that the effect would be got ri 
of by making eommnni cation with the ocean sufficiently far fronJ 
the sliore. 

Mr. W. E. Pkeece : I gatJier from the paper, which I c 
only read whon I read it here, that Mr. Gravea made nse of thi 
outside wires of each cable, simply to avoid the possibility of iol 
duction occurring between the different wii-ea, if they crossed ead 
other. I gather also that the cables do not stert from the e 
spot, and if the outside wires of each cable were not used for ittf 
own earth, they would cross each other, and by crossing obtain 
induction. The paper does not detail any experiments in that- 
direction. It merely gives the fact, that, by making use of the 
external wires of each cable, Mr. Graves succeeded entirely in 
stopping these vibrations. I will say just one or two words. The 
subject of bad earths is one very well known to all telegraphists 
and is one of the great difficulties experienced in c.ttabliahing a ne\ 
station. The fact of obtaining bad earth in tlie way Mr. Gravel 
has explained shows that the earth practically forms part of every 
circuit, and it in no way carries out the old notion that the earth 
acts as a great reservoir for electricity. In the case of Valentia it is 
really what is called an insulated island, separated from the rest of the 
crust of the earth by some geological beds, which give a certain 
amount of resistance. The peculiar phenomenon observed consisted 
of vibrations, or a tremulous motion of the spot of light thrown by 
the galvanometer upon the reading scale when bad earth was used. 
Mr. Graves asks what is the cause of this ? I apprehend it can be J 
due to only two causes ; fii'at, to a variation in the potential of thfr I 
earth ; and, secondly, to a variation in tlie resistance of the circuit,, 1 
We know that the potential of the eaj-th is constantly varying, and.4 
we have evidence that earth-currents are always present; and] 
those referred to by Mr. Morgan, between London and Exeter, a 
earth-currents proper, due to a variation of the potential of the earth 
But in this case we have rapid changes, and it could not bo due ti 
any rapid change in the potential of the earth, because we should 
see it better when good eartii is used tJiau with bad eai-th. It raui 
therefore be due to some variable resistance of Uio circuit due I 
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(lie imperfection of the earth-plate. I think it is due to eleclro- 
lysia". The eartli-curreDta themselves by their electrolytic action 
produce currents of polarisation on tlie eartli-platea, which vary 
in the i-esistaace of the earth-piate. Tlie formation and removal of 
gas-bnbbles cause these vibrations. We know that currents of 
jxilarisation are dependeJit upon or vary inversely on the surface 
exposed to electrolytic action. In the ease of small exjjosod ends 
^^f broken cables, where the surface exposed la very small, these 
^^^rrents are strong, and the valuation prodnced by tliera great. 
■ * Aa we increase the size of the exposed surfaces, the amount of 
variation diminishes, until we i-eacb earth-plates of infinite dimen- 
sions, like the external wires of a long cable when they disappear 
entirely. Hence, when the cable is idle these vibrations are simply 
due to the electrolytic action of earth -currents on the imperfect 
earth-plates. 



APPENDIX. 

In continuation of my paper upon "Vibrations due to Earth- 
plutes,*' I append some extracts from the Station Diary, from the 
time of the fii'st appearance of these vibrations to the time when 
the jiermanent remedy was applied, i.e., from August 7th to 
November 14tb, 1B(!8; and on reviewing these "records of the past" 
it is difficult to come to any otlier conclusion than that arrived at, 
that these disturbances arose from the electro-polarization of tbc 
e&rth-plates, from the working batteries when in use, and when 
they were idle from the earth-currents in the eablo, which in a 
fonner paper on " Barth-emTcnts " I have shown are incessant, 
alfliough of constantly varying force. 

EsTEAOTB FBOM DlABY. 

1868. 

Ang, 7, from G p ui. while land-line at work, vibrations \'cry stvong ; 
r^aJ NF (Newfoundluud) with tliffituUy ; tried iiuother t'urtli, but no iiu- 
[irovument. 
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9*15 p.m. Great disturbance of spot when land-line working ; impos- 
sible to work cable and land-line together. 

Aug. 8, 9*20 p.m. Vibrations on mirror same as yesterday, gave land- 
line a fresh temporary earth ; reduced vibrations a little, reading better. 

Aug. 12, 10' 15 p.m. Vibrations of spot during the day rendered recep- 
tion from NF very difficult. 

Aug. 13, 9 a.m. During the night used ^Q6 (broken) cable as earth. 

1 2*35 p.m. with usual earth vibrations very strong and troublesome. 

5-20 p.m. Requested NF to use '66 cable as earth, VA (Valentia) 
doing the same ; vibrations much reduced and reading with ease. 

This arrangement appears to have been continued, as no further entries 
of vibrations occur until the old earth was tried again, on night of 
18 Aug. 

Aug. 19, 10 a.m. During night vibrations very strong, reading NF 
with difficulty. 

6 p.m. Vibrations very troublesome all day while land-line working ; 
requested NF to use '66 cable again for earth, and made same change 
at VA ; vibrations reduced to a minimum, and able to read NF with 
ease. 

During this day it was discovered that our two-mile earth-cable, which 
had been laid out to sea with a large mass of zinc on its sea- end, was 
broken on the beach, the end being washed-up above low-water mark. 
This earth-cable had been used for two years and upwards for working 
the land-wire, and thus carrying the powerful currents from the land 
apparatus well out to sea. There is, therefore, no doubt that this cable 
was broken on the 7th August, prior to 6 p.m., when " vibrations " were 
observed for the first time on the cable instruments. 

Aug. 20, 9 p.m. Vibrations strong since noon, reading with difficulty 
and risk. 

Aug. 22. Vibrations still continue, but not strong enough to mate- 
rially affect reading. Occasionally, however, the spot is jerked off the 
scale. 

From Aug. 22 to Sept. 7 the '66 cable appears to have been used for 
earth at both ends. No entries of vibrations during this period. 

Sept. 27, 1-20 a.m. Vibrations and kicks very bad up to this time, 
now get very steady, and distinct reversals, spot moving half-an-inch each 
side of zero. Earth-currents very strong since midnight, holding needle 
of vertical tell-tale galvanometer hard over. 



TO EAUTil-PLATKS. 

2 a.m. N.F. sending a message, but impossible to read it ; oscillatious 
frightful; can make ont do intelligible woril, only a letter hero and there 
at intervals. 

2'30 a.m. After numerous repetitions eompleted message, and repeated 

^ jt back for safety, 

|h S a.m. Very strong eartb -currents — spot goes off scale wlien N.F. 

^Bhnis switch. 

^HtB'15 to 3'45 a.m. No oscillations or kicks, but earth- currents very 

^^Hpng ; spot still goes off scale when N.F. turns his switch. 

^^V4 a.m. Vibrations now very shght. Earth- currents gone off, working 
easier, but notice that when land office commences to send spot begins to 
oscillate, and disturbanea gradually increases in strength. During very 
great disturbance got land-line disconnected altogether, but no improve- 
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fiept, 28, 9 a.m, Spot stoadier during the night. 

Oct. 5, lO'SO a.m. Tliia evening, while nothing doing on land-lino 
ipot pretty steady. Vibrations and jerks began to get worse 
directly land instrument worked. 

Oct. 11, 4"23 p.m. " Hawk" having repaired '66 cable spoke to N.F. 
:'irough it — signals first class. 

7 p.m. Mr. Graves joined up an earth at Foilbommerrnm to 5 uiijea 
i.f line wire, on poles to be used for working the land wire to London j 
thia has remedied vibrations on cable instrument, but arrangement only 
temporary. 

Oct. 15, 12-80 to 4'20 a.m. Great vibration preventing rending ; 
obliged to stop cable while land-lines working. 
6 a.m. to noon. Vibrations very bad. 

6 p.m. Mr. Gi-aves joined up another temporary earth at Foilbom- 
merrum (F.M.), and found it made spot steady when land-lines not at 
work. 

Oct. 27, 2'55 a.m. Vibrations and kicks bad all night; now obliged to 
slop land-line while we receive on cable. 

;. Stopped on cable while sending to L.Y. 
. Somewhat less disturbance; working cable and land-line 
Ituneously, bnt with difficulty. 

n. Again obliged to stop sending while receiving. 
Vibrations gradually reduced during last three hours. 

roL. IV. D 
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5'30 p.m. Joined up the second cable in place of earth, and worked by 
metallic circuit independently of the earth ; spot perfectly steady and 
working first rate. 

Oct. 28, 4*15 a.m. Spot steady all night. 

4 p.m. During the day tried working with one cable insulated at N.F., 
instead of being joined in metallic loop, using it for earth for V.A. and 
N.F., using his usual earth. Signals good and spot steady. 

Oct. 29, 14*5 p.m. As an experiment, tried bringing all wires into 
land rogm direct from outside building, and connecting up as much in 
cable room to avoid possibility of induction. Result same as before, 
proving cause of vibrations to rest with the earth connections. 

2*50 p.m. Resumed metallic circuit for cable ; working first class. 

Oct. 30. Further experiments with different earths. 

Oct. 31. Ditto ditto. 

Nov. 1. With ordinary earths vibrations same as before. 

Nov. 2. Ditto ditto. 

Nov. 3, 4'30 a.m. Vibrations too strong to read ; obliged to connect 
up metallic circuit again, then quite steady. 

10 a.m. Put on ordinary earth ; vibrations back again. 

1'30 p.m. Retmmed to metallic circuit ; spot steady. 

Nov. 4 to Nov. 13. Worked 1866 cable with 1865 cable for earth at 
V.A. insulated at N.F. end — N.F. using his usual earth ; signals good. 

Nov. 14, 11 a.m. Worked 1866 cable with an earth made by means of 
a wire on poles, 5 miles, joined to iron of 1865, shore end ; signals with 
this arrangement were perfectly steady. 

4*30 p.m. Divided 1865 land cable from 1865 sea cable at F.M., and 
joined the land cable to the* iron of shore-end for earth. The line and 
earth underground cables being in the same iron pipes, for five miles. 
Worked 1866 cable with this arrangement with perfectly steady signals, 
and thus applied a permanent remedy for kicks and vibrations. 

In the following July (1869) two more land-cables were laid for work- 
ing the second cable, and when completed, answered perfectly. 

In 1873 four more land-cables were laid between the old and new 
stations in the same trench as those for the 1865 cable. These are now 
used in pairs for working the 1873 and 1874 cables. The whole of these 
cables can be worked now simultaneously, without any disturbance in the 
shape of induction, kicks, oscillations, or vibrations. 
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From the foregoing tedious details it will be seen that the disturbance 
from vibrations was first observed a few days before the discovery was 
made that the 2-mile earth-cable used for working the land circuits was 
broken, and no arrangement of earth-plates could be found to remove the 
vibrating disturbances at the old station. 

The new station at that time being nearly finished, it was hoped that 
the separate earths provided there might remedy the evil, but it was 
found, on the contrary, that it was aggravated, and at times was so bad 
that the cable and land-lines could not be worked simultaneously. 

This was, no doubt, more especially the case when earth-currents in 
the cable were strongest, and it would be interesting if the magnetical 
records for the days when the most disturbance took place should be 
found to confirm this view. 

Before leaving the subject, it may be as well to chronicle the effects 
observed at the time upon a mirror galvanometer placed in circuit between 
the different earth-plates, as per plan, while either the cable key or the 
land-line key was worked, using for the cable. Earth-plate No. 2, and for 
land-line, Earth-plate No. 4. 
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The Thiriy-third Ordinary General Meeting was held on Wednes- 
day, the 24th February, 1875, Mr. Latimer Clark, President, 
in the Chair. 



The President announced that the Ronalds Library was now 
practically in possession of the Society, and that the Council had a 
considerable portion of the catalogue, which was a very voluminous 
document, and the books would soon be at the disposal of the 
Members. The Council proposed to send a van to Battle and have 
the collection brought to the Society's rooms. 

The following paper was then read — 

ON INDUCTION BETWEEN SUSPENDED WIRES AS 
AFFECTING AUTOMATIC TRANSMISSION. 

By R. S. CuLLEY, Vice-President. 

A well-insulated line of telegraph was erected by the Postmaster- 
General in the year 1871 from London to Holyhead in connection 
with a new submarine cable to Ireland. From the central station 
at the General Post-office to Paddington the wires were placed 
underground, thence overground on the Great Western Railway 
vid Oxford and Shrewsbury, as far as Chester, and for the 
remainder of the distance on the main road. They run under- 
ground on the latter portion for a length of 6^ miles. The total 
length of underground was 1 1 miles. 

Central Station to Paddington . 
Flint Post-office 
Conway Bridge ^nd Post-office 
Talvbont to Llanfairfechan 
Bangor to Llandegai 
Menai Bridge 
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The total length of the entire line from central station to cable-hut 
at Holyhead being 303 miles 418 yards. 

London and Holyhead Line. 

Central Station to Paddington . 

Paddington to Birmingham 

Birmingham to Wolverhampton 

Wolverhampton to Shrewsbury 
"^'^ \ Shrewsbury to Chester . 
^ . / Chester to Holland Arms 
o p^ I Holland Arms to Rhosgoch 
^ ^ Rhosgoch to Cable-hut . 
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Several of these wires were and are now worked automatically at 
high speeds, and a considerable disturbance was frequently noted, 
which had the appearance of slight contact or leakage from wire to 
wire, A careful examination of the entire line was made, and 
many small defects removed, but the interference continued. 

Advantage was taken of the breaking of the cable in August, 
1874, to institute careful experiments in order to ascertain how 
far the apparent contact was due to induction and how far to 
leakage, and at the same time to investigate the cause of a difficulty 
in signalling automatically in the middle of the day, which had 
been observed on other lines even older than, and therefore not so 
well insulated as, the Holyhead line. 
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The investigation was conducted by Mr. Marson, of my oflSce, 
who is well known as a most painstaking and accurate ex- 
perimenter. 

The following diagram shows the relative of the wires between 

London and Oxford, The two lowest wires 
on the side of the poles furthest from the 
railway, Nos. 206 and 208, were led down 
into the experimenting room at the General 
ei8 Post-office. Between London and Oxford 
206 is fixed on a wooden arm 33 inches 
long, and 208 on one 24 inches long, which 
is fixed 12 inches below the 33-inch arm. 
All the arms on the poles, nine in number, 
are carefully earthwired to intercept leakage 
and conduct it to earth. 

Li the experiments made a "Bain" re- 
ceiver was used to record the currents. It 
was fitted with two styles, insulated the one 
fi-om the other, and the metal barrel over 
209 which the paper runs was aiso insulated. 
One style was connected to earth, the other 
to the wire under experiment Thus + cur- 
rents were registered by one of the styles, 
and — currents by the other. The paper was 
prepared with potassium iodide. 

A — No. 206 was connected to the Bain 
apparatus, and was disconnected in succession 
at Chester, Birmingham, Oxford, Beading, 
and Paddington. If this wire were affected by the ordinary work- 
ing currents on any of the other wires on the poles a mark would 
be produced on the paper. It was found that an effect did 
happen, and that it decreased in amoimt as the line was shortened, 
ceasing altogether when the wire was disconnected at Paddington, 
the underground portion only being left in circuit ; showing that 
the result was not a consequence of induction between the buried 
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wires as would at first have been expected, but was due to some 
interference between the suspended wires. 

B—No. 206 remaining as in A an ordinary single-current key 
was connected to 208, (see fig, 2), with 100-cells battery, so as to 
send positive currents to that wire ; the Bain apparatus remaining 
on 206. Both wires were disconnected at Holyhead. 

N?zoa 




Fig. 2. 

On depressing the key a short "comet-shaped" dash was 
marked upon the paper by the style connected with 206, and on 
raising the key a fainter but more elongated dash appeared at the 
siyle connected with earth, but no trace whatever was found on the 
paper in the interval between the depression and raising of the key, 
as would clearly have occurred had the mark been caused by con- 
tact or leakage from one wire to the other. The effect was 
obviously one of induction, and the shifting from one style to the 
other was caused by the change in the direction of the induced 
current, the siyle by which the + current entered the paper being 
that by which the decomposition of the iodide was effected. When 
the positions of the two line-wires were reversed the results were 
unaltered, except that the marks were reversed. 

The marks from the two styles, when the back-stop of the key 
was disconnected, were as nearly as possible as in fig, 3. 

on depressing key. 
— on raising key. 



Fig. 9. 



68 ON INDUCTION BETWEEN SUSPENDED WIRES [24th Feb. 

C — When the " back-stop " of the key, instead of being discon- 
nected as in fig. 2 B, was put to earth, distinct marks on the paper 
could be obtained as rapidly as the key could be moved ; but when 
the back-stop was disconnected, as in fig. 2, the marks did not 
appear when the key was moved rapidly, owing to the curi^^nts in 
the inducing wire remaining too unifonn to affect the induced 
wire. 

D — ^The key and recorder arrangement remaing as in fig. 2, 
the two wires were disconnected and put to earth at Holyhead, 
Chester, Birmingham, Oxford, Beading, and Paddington success- 
ively. When the wires were insulated or disconnected at the 
distant end the marks were always tapering, and were gradually 
reduced in magnitude as the line was shortened, while when the 
wires were put to earth at the distant end the marks were square- 
ended dashes, not tapered, gradually diminishing in length and 
depth of colour as the line was shortened, somewhat thus — 
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Fig. 4. 



and disappearing altogether in both cases when the London under- 
ground section alone remained in circuit. 

E — No. 206 was then connected to a speaking instrument, and 
208 to the Bain apparatus. Signals being sent by Holyhead from 
a battery of 48 cells, the commencement and close of every signal 
was indicated on the paper by the inductive effect of the speaking 
wire on that connected to the Bain, but no trace of a mark appeared 
during the time the current was maintaining the signal, proving 
clearly the effect was not due to leakage from wire to wire. 

One interesting and valuable fact which has eliminated itself by 
this investigation is the following : — 
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That wires on which double currents or reversals are used inter- 
fere much more with each other than when single currents are 
employed. 

Thus : if two wires, 206 and 208, were disconnected at Oxford, 
and just sufficient power used to show a faint mark on the iodide 
paper connected with one of them, when the other wire was 
charged or discharged by a single current-key : the substitution of 
a double- current key with the same power brought out deeply- 
coloured marks of the usual comet or "tadpole" form from each 
style. This was always the case, and on this accoimt the double- 
current key was used instead of the single-current in the subse- 
quent experiments. 

As our long lines are all worked by double currents or reversals, 
it was of advantage to test with the same arrangement. 

This effect was noticed when using a Varley's wheel-key, so 
adjusted that in the middle position it puts the battery on short 
circuit, and simultaneously puts the line to earth. The newest 
form of key was then substituted, in which both battery and line 
are disconnected between the reversals; but the results were 
precisely the same. 

As neither key had a middle fixed position, the following 
arrangement was adopted : — 
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Two springs P P^ press upon the bar B ; when the arm A slides 
under either of these springs it is connected with the spring which 
it raises, and disconnects the spring which it has raised from con- 
tact with the bar B. It thus performed the same as a Varley's 
key, with the exception that in its neutral position the battery was 
disconnected and the line was in connection with the earth. When 
the arm A was moved to the right and a positive current sent to the 
line, a faint mark appeared from the style S ; when the arm A was 
removed to its central position, allowing the wire 208 to discharge, 
a corresponding faint mark appeared from style S^. 

When the operation was reversed by moving the arm A to the 
left the result was reversed. On moving A to the left a faint 
mark appeared from the style S^, and when A was removed to the 
neutral position an equal and similar mark appeared from the 
style S. But when the arm A was moved rapidly from one side 
to the other the previously faint marks were transformed into 
well-defined tapering discharges. 

The more rapidly the current is reversed, or, in other words, the 
less the interval allowed to elapse between one current and another 
in the opposite direction, the greater the efiect inductively on the 
neighbouring wire. The increase of interfering effect when 
reversals are used can be readily understood. 

When the two wires A and B were disconnected at Holyhead, A 
being in connection with a key, B in connection with double-style 
Bain apparatus, and the copper pole of a battery was connected with 
A, an induction current appeared on the style S ; when the wire A 
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was discharged an induction current appeared on the style S^ ; when 
the zinc pole of a battery was connected with the wire A a current 
appeared on the style S' ; and when A was discharged a current 
appeared from style S. Bo that when the current on A is reversed, 
iaBtead of being simply discharged to earth, the two efl'ects were 
added together and the induction considerably increased. 

Tilts of course applies to all apparatus, but it is rendered more 
perceptible to the eye on a double-style Bain apparatus. 

F — Experiments were next made on the section Loudon to 
Oxford, where the position of the wires beyond Paddington was 
accurately known, in order to find the effect of situation and 
distance. (See diagram 1,) 
Nos. 206 and 208 were disconnected and the interference noted, 
Nos. 207 and 209 were then disconnected, and the interference 
itmd equal to that between 206 and 208. This is just what it 
should be, as each pair of wires ai'6 similarly situated on opposite 
sides of the pole. 

The induction between Noa. 206 and 207 was very feeble, only 
just visible. Tlie induction between 208 and 209 was considerably 
less than that between 206 and 208, or between 207 and 209, but 
considerably greater than between 206 and 207, their relative dis- 
tances being much less. Twenty-four cells or less were suffioieut 
to show the induction between 206 and 208, or between 207 and 
209, 

G — Tims far the experiments had been eondneted with the wires 
vi "240 inches diameter (No. 4 B.W.G.), as it was only between 
these thick wires that interference had been remarked in tho trans - 
mission of messages. Nos, 211 and 213, which are of 'ITO inches 
(No. 8 B.W.G.), were disconnected at Chester and sub- 
d to the same tests as the thicker wires. The induction 
■een them was considerable, not equal to tliat between 206 and 
but being nearly in the middle they were so acted upon by 
surrounding wires that the same accurate observations could 
be made as with the thick wires, which are fixed lowest on the 
pole. 

Kos. 210 and 211 were tried and found to exercise much le&s 
influence npon each other thitn 211 and 213. 
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No matter which wires were taken, or what battery power was 
used, when any two wires were disconnected at any part of the 
line not the slightest trace of leakage could be obtained either in wet 
or dry weather. 

This shows that the earth- wiring of the line is very perfect. 

From these experiments it will be seen that where a number of 
wii'es are placed on the same pole the induction is greatest between 
wires on the same side of the pole and hanging one above the 
other; that this induction is more evident with the two lowest 
wires, as there is less interference from the others ; that the 
induction between wires on opposite sides of the poles is less than it 
is between wires on the same side, because their distance is greater 
from each other; that the induction between wires on opposite 
sides of the poles decreases as the lengths of the arms increase. 
Consequently it may be assumed that in long overhead lines, where 
wires run together for a great distance, steps should be taken to 
increase the vertical distance between the wires. ^ 

As it -might be argued that some specially sensitive instruments 
were necessary for this investigation, I should state, that, so far 
from this being the case, delicate instruments are of no use for the 
purpose. Galvanometers were discarded at the^ outset as being 
found, not only useless, but misleading. The astatic and ordinary 
were tried and rejected, and the Thomson is inadmissible on any 
land-line where there are more working wires than one on the 
pole ; however shunted, the spot of light is too erratic to be of any 
service ; it swings too long, and is useless to indicate rapid changes. 
While it is giving a quiver a relay is doing its work — that is, a relay 
properly adjusted. Moreover, induction currents require an appa- 
ratus which is ready to act, or which has, practically speaking, no 
zero to return to, which is the case in a Bain instrument. All 
galvanometers swing too much for observing rapid changes, and 
besides their magnetism is altered with every current passing 
through them. A great advantage in the use of a Bain is, that it 
not only gives a perfect record of all that occurs, but also shows 
accurately the strength of the current. 

A Siemens' relay was found the best instrument in conjunction 
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with the Bain, being ao manageable and the tongue being so eaay 
of adjustment. It was an additional advantage to use a double- 
cnrrent key and an ordinary Siemens' relay for the experiments, 
as it reduced the apparatus to the same class as tliat used for 
ordinary working, preventing that objectionable difference between 
testing with special and working apparatus. 

The Bain was not alone trusted in any of these experiments, iut 
the Siemens' relay was always used in conjunction with it ; tlie 
relay being substituted for the Bain at pleasure. 

Tlie eflect on a relay was precisely similai- to that on a Bain, 
only much sharper, on account of the resistance of the Bain paper ; 
but the interference between any two wires under examination 
could not be sifted from the induction from other wires bo well 
with the relay as witli the Bain. 

The induced currents were obseiTed on the relay in the follow- 
ing n 




Kg. 7. 

K may be cither a double or single current key ; the results with 

either are similai', but considerably more evident with the former 

Uian with the latter. 

The relay was first set over to tlie side A so tliat a positive cur- 

it coming from the wire D would move the tongue over to B. 

w occurred the moment the key was depressed, but although the 

id down the tongue immediately returned to A. When 

key was raised so as to charge tlie wire negatively, the relay 

not move, for the cui-rent induced ou the wire connected with 

relay only hold the tongue more firmly against the ato'p £1.. 
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When the tongue of the relay was set over to the side B and 
the key depressed, the tongue remained on the side B, being held 
there more firmly by the induced current ; but immediately the key 
was elevated the tongue went over to the side A for a moment, 
returning to B when the induced current had ceased. 

When the tongue of the relay was set central or neutral the 
topgue moved simultaneously with the key, and would have 
recorded perfect signals on an inkwriter, appearing exactly like 
actual contact. 

It is quite possible to obtain a double result : viz. contact com- 
bined with actual induction, and this no doubt frequently occurs ; 
thus, if an artificial fault were put on the two wires under examina- 
tion by joining a length of iodide paper between the two terminals 
to which the wires were connected, a continuous current appeared 
on one of the styles of the Bain's when the key was up or down, 
but the discharges were still equally apparent on the contact lines 
during the moment of change. 

The foregoing observations were made on a comparatively new 
line on which the insulation is consequently above the average. 
On older lines the induction, though quite apparent, was not so 
great 

As has akeady been stated, no inductive action could be traced 
between wire and wire in the underground pipes between the 
central station and Paddington, although they are 4 miles 457 
yards long. No efiect was produced even by as high an electro- 
motive force as 100 cells as regards induction between wire and 
wire, yet a very marked effect was observed even with but 24 cells 
as between wire and earth, and greater than was observed with 
similar battery power when the wires were disconnected at Oxford. 
Nor is there any record that induction between wire and wire was 
noticed on the buried wires formerly existing between London and 
Liverpool, though the discharge to earth was very violent. More- 
over, having occasion to ascertain the speed on a circuit from 
Lowestoft to Holland and back, by the courtesy of the Submarine 
Company, a wire in each of the two Zandvoort cables was used. 

During this experiment, which lasted five hours, and was made 



with iodido paper, no trace of induction from the neiyliLo tiring 
Hires through which the ortlinary traffic ivae proceeding could be 
ubeerved. 

Tills interference wi]l tend fo prevent a much liigher si>ecd 
leing obtained upon wires hung so closely together as they mast 
iiL'ccBsarily be on tlie main lines of England, and will account for 
the comparatively low speed obtained by Edison in his series of 
esperiments on the postal wires when carried on daring the day, as 
compared with the results on a single-wire line in America or even 
with night experiments here, 

A similar result has been observed in France as respects the 
" Hughes " printing instrument, and the wires have consequeudy 
been placed on several lines at much greater distances apart. 

"VVo are taught that very little dependence can bo placed on 
njx;ed trials conducted at night or on Sundays when there are but 
lew wires working, or on mere laboratory experiments. 



Mr. PrbecB : The object of this paper is not to show that 

iiiducdDn between wire Bjkl wire on overground lines ia any now 

thing, but that its effects are so far uovel as to produce what 

vvas not suspected, a considerable diminution iu the speed of 

iv'orking long circuits on the automatic pi-Inciple. As long as 

circidtB were worked on the ordinary Morse system by key, a 

'lirt'erencc of one or two words per minute was scarcely appreciable, 

Kit when wo come to work long circuits such as those between 

l.'Hidou and Dublin by Wheatstoue's automatic instruments, and 

'-'jtained from 80 to lOO words per minute, it was fomid almost a 

I ngular thing that every day as the morning passed, and the sun 

I rose towards the middle of the day, the speed of working was 

I lodueed some four or live words per minute. At lirst the 

' reduction was attributed to the presence of earth cuiTeuts, which 

sre always present and which attain a maximum generally towards 

lit.' middle of the day, and we were so far contented with tliat 

■.jilanation ; but when these liirther disturbftuccs took jJace on 
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new lines which were exceedingly well insulated, and when the 
effect became variable with diflferent conditions of the atmosphere 
and a reduced speed even more than we felt before occurred, then 
it became necessary to carry out a series of careful observations to 
endeavour to trace out the cause. The effect was, as Mr. Culley 
stated, precisely similar to that of a contact or leakage between 
wire and wire, but it was quite impossible to conceive that mere 
contact alone between two wires had the effect of reducing the 
speed of working. So Mr. Marson, in the way detailed in this 
paper, traced it directly to induction between wire and wire. 
The effect of that induction has been to reduce the speed of 
working between London and Dublin from an average of about 
nineiy words a minute to something like eighty-five. This peculiar 
action between wire and wire is very observable on foreign lines in 
dry climates, and I have no doubt some gentlemen are present 
who will be able to give us their experience of the working in hot 
climates. For instance between Bombay and Madras there were 
two wires running side by side a distance of 800 miles, and it was 
found that they so disturbed each other from this fact that the 
position of the wires had to be changed. Again, between Teheran 
and Shiraz, in Persia, there are two wires running side by side, 
the one used for the through Indo-European traffic, and the other 
used for local purposes between Shiraz, Ispahan, and Teheran. It 
happened that some two years ago we held a soirie at the Albert 
Hall, and on that occasion I had to lecture before a very large 
audience ; and, in order to illustrate the lecture, we had a wire 
brought into the room in connection with the Indo-European Line, 
and we succeeded in speaking to Teheran and Kurrachee. I have 
a brother in charge of one of the stations in Persia, and as we were 
talking in London about nine o'clock in the evening, which was 
their two o'clock in the morning, he was aroused by one of his 
clerks who said that a message was coming out in his name. Now 
the wire itself (this through Indo-European Line) does not enter 
the station where he was (I think he was at Shiraz), but the local 
wire does, ajiid the inductive effect from the through wire upon 
the local wire was such that the signals sent by the through wire 
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were registered hy induction on the local wire. In order to con- 
v-ince me that we were reallj- through to India (manj' of us know 
that there is sometimes a good deal of hanky-pankyism doi 
puhiio lecturing) the slip itself was sent me on the next day. I 
was once lecturing in Southampton and instead of speaking to 
Amsterdam, Berlin, and Vienna, as I tliought, I was only, after 
all, speaking to *' T, S." The fact unfortunately came out in this 
way. One of the audience in the hall wanted to know what time 
it was in Vienna when we were supposed to be talking to that 
place. The individual personating Vienna, knowmg there was a 
difference of some forty minxites, instead of putting on the time 
took it off, and I was thus convicted at once -before a Southampton 
audience as a swindler (laughter). However, I was as much 
deceived as my audience. Li this particular instance a positive 
[iroof was sent me that we did speak direct from the Albert Hall 
to Kurrachee. Here is the identical shp that was taken oif the 
instrument, and the marks are made not by the through cm'rent, 
but by induced cuiTenta upon the local wii'e as investigated in this 
paper. 

Mr. Adams : I think the means adopted for obtaining these 
currents are novel and instructive ; but 1 should like to have seen 
u relative value given to the induced current received. I havo 
noticed such currents ; but in this country the inductive effects 
described iu this paper are somewhat new to me. And when we 
consider that the atmosphere of tliis country is very damp, ouo 
would think that all induction between two wires would be 
annulled by that moisture. It appeai-s that this is not the case, 
xlUiough it is the first time I have seen it proved. As regartts 
foreign lines I remember that during the first year of the Indo- 
Goropean Line it was found impossible to work the two wires 
sinmltaneously, and I proved to my own satisfaction that the causa 
was nothing but induction. The hue ia between 750 and 800 
miles, extending from Teheran to Tiflis ; there ia a relay station 
lOitennediate, notwithstanding which, it was found impossible to 
the two lines. We could not attempt it with automatics, 
m tha lines were put direct at the relay station and we had 
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800 miles of line the inductive eflFect would be very great, and not 
only fully deflect the galvanometer needle but also bring down 
the armature of the recording instrument. I think that experience 
will prove the px)ssibiliiy of induction between two wires. Still I 
think it quite unexpected that this should be found the case between 
wires in this country on account of climatic influence. I should 
add that in the case I have mentioned the difficulty was afterwards 
overcome by a general shift of insulators. 

'Mr. Preece : I will endeavour to point out to you, as clearly as 
I can, what really are the causes that lead to this peculiar disturbance 
between wire and wire, because they are of a nature considerably 
different to those which we experience in underground wires and 
in submarine cables, and which produce retardation of signals in 
thpse cases. Now, if we look back to the primary and elementary 
cause that leads to induction of all kinds, we find that it is extremely 
simple. Suppose we have any insulated body charged, say positively, 
with electriciiy, that body establishes in its neighbourhood what is 
called "an electric field.'* According to Faraday, this field is 
permeated in given directions with lines of electric force, and if any 
other insulated body be brought into that field, then the inductive 
effect of this charged body on the other body brought into the field 
is to polarise it — that is, to produce in it that condition in which 
one side is negatively electrified and the Qther side positively 
electrified. Let us now place this second body in connection witli 
the earth, then we reduce at once the positive electrification on the 
opposite side to nothing, and we leave the body really negatively 
electrified, or in the opposite condition to which the inducing body 
is charged. 



Supposing we have two wires A and B running parallel to each 
other, ^ide by side, and if we assume that a current is flowing in 
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& positive direotion in tlie one wire A, and if we take any point 
I (it dooa not jnattor wliere) and assume that to be our first bofly 
charged with positive electricity, then a point h on the other wire 
in the same place and in the field of a will be negatively electrified, 
because it is practically in connection with the earth. Now, this 
very curious fact occurs : assuming, in the first instance, that the 
point (i) of the induced wire is polarised and that one side is 
negative and the other is positive, then that point is in connection 
with the earth by two lines — one through the home station and the 
other through the distant station, and, having those two paths to 
reach the earth, it flows in two directions, and the result is that 
there are two curi'ents in opposite directions in the induced wire. 
The cun-eut comes back to the homo station in the reverse direction 
to tlie primary current, but the current in the other direction comes 
out in the aame direction as the primary current. So that we 
conclude that all wires of this kind have currents flowing out at 
opposite ends and in different directions, and at some point there is 
zero or no current at all. The effect of this condition along the 
whole wire is that every element of negative electricity holds bound 
(to use an old term) a corresponding quantity of positive electricity 
on tho other wire, and the result is that this element of positive 
i-lectricity being witlidrawn from the primary working current 
ilic initial strength of that working current is reduced, and thereby 
'lie speed of working diminished, so that wheu we have a wire sur- 
iiiunded by a number of wires all in the same field, the retai'diiig 
■ffect of all these wires upon the first wire must be cumulative, 
ili:tt is that the retiirdation must increase with the number of wires, 
iiul in the same way it must increase witli the contiguity of the 
'■area, as shown in the paper. There is another faot tliat is men- 
lioned in tJie paper and that is the influence that the earth has in 
eii'ecting this induction. In the ease of the underground wires 
liitween Telegi'aph Sti'eet and Paddington no effect of any sort or 
;jii J was observed. In all our cables, wliere four, five, or six wires 
iifi' coiled up together, we have none of the induction between 
I'ire and wire, and the explanation of that is excessively simple. 
It is because when we place — take the body I supjiosed to be 
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charged positively and the other body I supposed to be charged 
inductively — the earth between these two wires we entirely destroy 
the field as far as the one side is concerned. In the case of wires 
passing through underground pipes, as they do between Telegraph 
Street and Paddington, we have our wires generally full of water. 
We have them surrounded thus by the earth, and the conditions of 
the electric field which exists in overground wires, and which 
produce those eflects which have been mentioned, entirely destroyed. 
It is also mentioned that a double current working the reverse 
current, that is a positive current at once succeeded by an induc- 
tive current, increases the efl^ects. It does as far as the eflects are 
observable upon our instruments at two extremes, but it does not 
at all follow that because the currents are strengthened at the two 
ends that the retarding eflect upon the wire is increased. On the 
other hand I am inclined to think that the same influence which 
the double current working has in submarine cables or underground 
wires in increasing the speed would be precisely the same. Thus, 
you see, by simply working up from a simple experiment which 
has been tried, we are able to follow not only the inductive 
eflects observed upon an overground line of this kind, but also 
every case of so-called dynamic induction. If a conducting body 
be brought into an electric field and there be connected to earth, 
you will always charge that body with an electricity opposite to 
that which the charged body has. This I take to be the simple 
explanation — if I have made it simple. It is rather a diflScult 
thing without the aid of apparatus or diagrams and with only a 
black board in the shade to illustrate facts, but if I have been clear 
I think I have succeeded in explaining the rationale of this 
phenomena and in showing that with well insulated lines and dry 
atmosphere they must necessarily happen, and if they so happen 
they must necessarily lead to the reduction of the speed of working. 
At present we have not arrived at any other means of getting over 
the conditions than by putting the wires as far apart as we can ; 
as long as wires are maintained as they are now there must be 
this action between wire and wire. 
The President : I should like to ask Mr. Preece if he has tried 
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tlie experiment on more distant wires, and what he was led to 
suppose as to the advisability or not of having more distant arms ? 
Mr. Preece : We have tried the experiment as far as we have 
been able, and find that as we increase the distance the effect 
diminishes very rapidly. 

A Member : Do you ever meet with the difficulty practically in 
any system of working besides the automatic principle ? 

Mr. Preece : No, never, except in the case of the automatic, 
tliough we have always found traces of what we considered to be 
leakage or contact on all wire lines, and we always thought it was 
a little amount of contact which the earth wires did not succeed in 
removing. 

A Member : What amount of induction is there between lines 
211 and 208? 

Mr. Preece : It is almost . solely a question of the relative 
surface of the wires opposed to each other. 

A Member : Between 208 wire and 206 wire is there any 
difference ? 

Mr. Preece : No ; practically none, provided the wires remain 
about the same size, because the .inductive capacity and resistance 
are not sufficiently great to show a difference in the case of 
overground wires. 

Lieut. Jekyll, R.E. : A very striking instance of induction oc- 
cured in underground wires under my observation. It was in con- 
nection with siege operations at Chatham. We had four submarine 
mines in the Medway which were all fiimished with independent 
cables buried in the same trench and leading to a fort distant 
about three-quarters of a mile. On endeavouring to fire the 
fiirthest one by means of a battery we failed, so a frictional machine 
was applied, and, to our great surprise, instead of firing that mine 
the three others exploded simultaneously. We afterwards found 
by repeated experiment that we could always fire an electric ftise 
on a wire lying in the same trench with another to which the 
electric current was applied. 
^ Mr. Preece : Were the wires in the same casing ? 

Lieut. Jekyll, R.E. : They were india-rubber casings and lay in 
the same trench. 
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Mr. Prkece : I could not explain that on inductive principles, 
I should conceive it is due to leakage. 

Lieut. Jekyll, R.E. : It certainly did not occur through that. 

Mr. Preece : Tlien it is an anomaly which I do not quite 
understand at present. I should say if there are four india-rubber 
or gutta-percha wires laid in a trench surrounded by water and 
earth there could be no such effect. If the earth in the trench 
were very dry, practically there would be no earth at all, and it 
might occur ; but if the trench were wet there could be no such 
inductive eflfect between wire and wire as that which has been 
explained. 

Lieut. Jekyll, R.E. : By means of induction the eflFect could be 
recorded on another wire. I should like to know the kind of 
instrument on which the message was recorded. 

Mr. Preece: I believe it was- Siemens' polarised relay, but 
whether worked by continuous currents or by a short first current 
and then reversed I do not know. Perhaps Mr. Adams, who was 
out in Persia, might know how they worked that wire. 

Mr. Adams : Polarised relays of the ordinary kind, double 
currents. 

The President : We have seldom listened to a more interesting 
paper, or one more clearly described than that we have had before 
us this evening. I think the first person who spoke distinctly about 
induction in telegraph wires was Sir Francis Ronalds, who in his 
book expressly foresaw the difficulty that might arise from this 
cause, and said that even if the time necessary to transmit a signal 
from London to Brighton were a minute, that would not be an 
insuperable obstacle to telegraphy. Subsequently, Sir Charles 
Wheatstone made his memorable experiment on the velociiy of 
electricity, and obtained a speed which was at first supposed to be 
the normal velocity of transmission of electricity. Faraday subse- 
quently pointed out that this speed was doubtless affected by induc- 
tion of the neighbouring walls of the room and wires, and felt no 
doubt that had the room been smaller, or the wires differently 
placed, the velocity obtained by Sir Charles Wheatstone would 
have been different. In fact, he thoroughly appreciated the nature 
of induction even in those days. 
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Now with regard to the paper, one of the first observations Umt 
strikes one is that we cannot lielp eomplimeuting the Government 
servioe on the veiy perfect insulation thoy have attained in their 
overground wires, for unless these wires had been very perfectly 
insulated the effects of induction between wire and wire would 
have been invisible. In the olden days we were perfectlj- aware 
that such induction existed, and I among others made many experi- 
ments to make its effects visible, biit owing to the imperfect insula- 
tion of onr wires and the imperfection of our instruments I was 
never able to observe any effect, although I was sure it was there. 
I even went to tlie trouble of suspending and insulating some hun- 
dreds of square yai'ds of calico on two parallel wires at a distance of 
twelve inches apart, and although I failed to perceive the inductive 
influence I I'elt the failure of the experiment was owing to the 
inadequate apparatus I used for the purpose. Now the induction 
as shown by these experiments is evidently much stronger between 
wire and wire than between wire and the earth. The laws of 
induction are perfectly known and ai'e stated in electrical treatises, 
f-o that the relative degree of induction might be calculated by any 
line, and doubtless that calculation would agree witli the residts 
obtained, but it is interesting to observe how accurately Mr. CuUey 
iias found the amount of induction between nearer and more 
distant wires and between wires of different sizes to agree with 
wliat it obviously should be in theory. Another point proved by 
these experiments is that wires of large size (No, 4) although they 
have great advantages, inasmuch as they transmit a much more 
powerful current of electricity tlian the smaller wire ordinarily 
naed, still it is evident that they are not so good in one respect, 
iiiBsmuch as tfiey both receive and create more induction in neigh- 
'niuring wires. Now this is an impoi'tant subject — more so than at 
iii'st sight appears. No doubt as the demand for telegraphy increases 
"11 the part of the public and automatic transmission is more 
<ii)[)ioyed, we shall meet this difficulty more and more every day, 
iiiid therefore it is a subject well worthy our consideration whether 
iliero is not some means of obviating, (ir at least reducing, this 
iiidnotion. The first and obvious consideration is tliat we should 
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placo the wires as far apart as possible, and mix them about one 
among another, so that no two wires run parallel for any great 
distance, and Mr. Culley has himself told me that he contemplated 
that in the event of their requiring to obtain the very highest speed 
by automatic transmission it would be necessary so to mix the 
wires about — to let the current run a part of the distance on one 
wire and a part on knother, and so keep varying the distances 
between them that the average influences of the wires upon each 
other would be very much reduced. The only difficulty I see is a 
small one, viz. : That in testing the wires the alternations of the 
numbers would be more frequent than at present. 

It appears to me that by thus varying the positions of the wires 
you may practically obviate the evil influence of induction from 
wire to wire, which is our only bar to high speed automatic 
transmission. I may say that I quite agree with the remarks made 
by Mr. Preece, and I do not believe that two wires placed in 
moist earth can have induction from one to the other, and the 
effect which Lieutenant Jekyll observed of fuses being fired by the 
presence of currents in the neighbouring wires could not have 
been due to simple induction. I can imagine that the primary 
wire which received the charge would cause an electrical tension 
on the surrounding ground. For example, supposing the wire 
were charged positively it would expel from its external surface a 
certain positive charge, and that would tend to distribute itself 
throughout the earth. It would have no special tendency to run 
to the neighbouring wires, but it would merely seek to equalise 
itself throughout the earth. In doing so it would radiate in every 
direction, and if a neighbouring wire were within its influence it 
no doubt would momentarily raise the tension round that wire 
and cause a minute induced current to be discharged from it. 
Still I do not think in moist earth it would be easily possible to 
show that effect, and I cannot help thinking that either the wires 
were in very dry ground or sand (when such an effect would be 
easily produced) or else that there was some accidental contact 
between the wires. 

Between London and Liverpool, a distance of some 210 miles. 
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eight underground wires were laid in 1853 ; when they were first 
laid down they were in excellent order, and the ordinary effects of 
induction were beautifully illustrated by them. We made a great 
many experiments on the effect of induction between wire and 
wire, and with* the instruments we then had in use we were quite 
unable to perceive any induction from one to another. Even 
when we charged four of the wires suddenly with a strong battery 
power and put our receiving instruments on the remaining foui*, 
we could not get any sensible discharge. Therefore I cannot think 
that a few hundred yards of wire, even with the very powerful 
tension caused by an electrifying machine, could have had the 
effect of igniting the fuse. It is true that subsequently in the 
Wexford cable, with instruments of the most sensitive kind, I have 
' witnessed a sensible induction from wire to wire. That current, I 
imagine, was caused in the manner I have indicated : that the 
sudden positive electrification of one of the wires threw off a small 
quantity of positive electricity from its exterior, and that elec- 
tricity, before it could distribute itself from the cable into the sea, 
would momentarily raise the tension of the whole core of the cable 
and cause an inductive discharge. 

I was very much pleased this evening with the careful way in 
which these experiments were made, and it now only remains for 
me to move that u vote of thanks be presented to Mr. Culley for 
the able and interesting paper he has read to us this evening. 
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NEW members: 



[24tli Feb. 



The following Candidates were balloted for and declared duly 
elected.: — 



As FoRErGN Members : 
Lieutenant F. Dreyer 
Lieutenant E. Suenson 
Don Manuel Raraira 

Don Luis Zignago . 
Don Raphael Gimenez 

As Members : — 
George Dering 
John Fuller . 
Bennet Pell . 

As Associates : — 
Conrad Cooke 
George Fuller 
Sholto Douglas 
Major Puget . 
Henry Starke 

E. Price Williams . 
Jacques Ducloy 



Royal Danish Navj^, Shanghai. 
Royal Danish Navy, Copenhagen. 
Antonio Tomas, Argentine Re- 
public. 
Frederacion, Argentine Republic. 
Santiago, Argentine Republic. 

Lockleys, Welwyn. 
116, Fenchurch Street. 
Singapore. 

14, Marlee Terrace, Clapham Rise. 
116, Fenchurch Street. 
Singapore. 

34th Regiment, Carlisle. 
Government Telegraph Depart- 
ment, Brisbane, Queensland. 
Great George Street, Westminster. 
Submarine Telegraph Company. 



The Meeting then adjourned. 
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DUPLEX TELEGRAPHY. 



Aa the high reputation of the Society of Telegraph Engineers 
must give to its tranaaetioiis and publicatione a eoiTesponding 
importance, so does it become the duty of tlie Members coUectivety 
to see that, in the communications upon any transaction, no point 
may escape which requires a further explanation. This considera- 
tion induces me to bring before you, honoured Sir, aa a point of 
this kind, a matter which you will perhaps be good enough tti 
allow me to explain further on, and to ask you to be so kind as to 
bring the same before the next meeting of tJie Society in order 
dmt it may be properly cleared up. 

In the discussion upon Mr. Culley's paper which took place at 
the meeting of 28th January last under your presidency, Mr. Clark 
(aa I leam from the Journal of the Society, No. VII. p, 26, which 
ha.s just reached me) spoke as follows : — " It is only right to say 
llio duplex system was known as long ago as 1 853, when experi- 
ments were made by the Electric Telegraph Company and answered 
tdlerabiy perfectly." This statement is so strikingly opposed to 
what has hitherto been held to be the history of the discovery of the 
duplex method, that unless the figure 1853 is a misprint (a lapse of 
memory on the part of Mr. Clark can hardly be supposed), it would, 
iu my opiniou, only be rigiit for Mr. Clark to bring forward evidence 
_ia support of his statement. Should it be a misprint the mistake is 
B which it is incumbent on the Society itself to correct in a 
Fominent manner. 

I have in a detailed article printed in the Journal TiUgraphique 
Nos. 29 and 30), and in a nearly similar article in 
vigler's PohjtechnischeM Journal (Vol. CCXII. p. 3), eudeavoured 
B correctly set forth the claims of Messrs. Vacs Stearns, W. U. 
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Preece, and Winter. I send to the Society a copy of the last 
article, and for the reasons therein given, and relying upon the 
proofs contained in my work Tlie Copying Telegraphy Type- 
Printing Telegraphy and Double Telegraph (published by B. G. 
Triibner, Leipzig, 1865), I had, till they were contradicted, main- 
tained that the discovery of the duplex method was a German one. 

If, however, Mr. Clark's statement has reference to Mr. W. H. 
Preece's duplex method stated to have been invented in 1855 
(Telegraphic Joumal,lSo, IV. p. 60), and tried in 1856 {Telegraphic 
Journal^ No. XVI. p. 277, in partial contradiction to No. IV. 
p. 60), I may remark that this does not appear to me to be suffi- 
cient foundation for the fact, seeing that Mr. Preece simply states 
that owing to the unfavourable result he published nothing about 
his method. 

In conclusion, I would add that it would afford me much 
pleasure to receive a few lines from you in acknowledgment of this 
letter, and intimating your willingness to accede to the request I 
have made in the first part of it. Meanwhile I do not fail to 
assure you of my greatest esteem as 

Yom* most obedient, 
(Signed) Prof. Dr. R E. Zetzsche, 

Foreign Member S.T.E. 
Professor Sir William Thomson, F.R.S. 

President of the Society of Telegraph Engineers, London. 

Prof Dr. R. E. Zetzsche, 
Dear Sir, 

March 22nd, 1876. 

I am sorry to learn from Mr. Preece that your letter of 
the 12th November to Sir William Thomson, F.R.S. the late 
President of the Society of Telegraph Engineers, remains still 
miariswered. As it was addressed to him I had supposed that he 
had replied to it at the time. 

The statement with respect to the invention of Duplex Tele- 
graphy which is reported in the Journal of the Society, No. VII. 
page 26, was made from memory only, but still it is I believe sub- 
stantially correct. I have always understood that the duplex 
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system of telegraphy was invented by Dr. Gintl. His system 
became known to me in 1853 when I was the Engineer of the 
Electric and International Telegraph Company, and Mr. W. H. 
Preece, who was at that time my Assistant-Engineer, made at my 
request many experiments upon the system, which, as I stated, 
answered very perfectly ; but we had at that time plenty of wires 
and had no need of the duplex system. 

In the following year, 1854, Mr. R. S. Newall patented some 

improvements on Dr. Gintl's system (Patent No. 2308, 1854), and 

a little later on, the 8th November, Mr. C. W. Siemens also took 

out a patent on the subject (No. 2,366, 1854); both these were for 

improvements on Dr. Gintl's system. I am not aware that 

Mr. Preece has ever invented any system of Duplex Telegraphy. 

My remarks were as follows : — " It is only right to say the duplex 

system was known as long ago as 1853, when experiments were 

made by the Electric Telegraph Company and answered tolerably 

perfectly," and I think you will admit that there is nothing in that 

statement but what is 'in perfect accordance with the facts of the 

case. I did not state that Mr. Preece had invented the system or 

that it was any invention at all, but only that it was known as long 

ago as 1853. 

On referring a second time to my remarks I find that I am 
reported to have said that, " at the time Messrs. Gintl and Siemens 
made improvements in the system." This is incorrect. I intended 
to say and 1 have no doubt really did say Messrs. Newall and 
Siemens made improvements in the system. 

In this country Dr. Gintl is universally considered to be the 
first originator of Duplex Telegraphy. 

I am, dear Sir, 

Your obedient servant, 

Latimer Clark, 
President of the Society of Telegraph Engineers, 
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Chemnitz (SAxomr), 

11th May, 1875. 

1 had great pleasure in receiving your letter of the 22nd of 
March at my return to Chemnitz ; the enormous amount of work 
left to me during my absence did prevent me till now to express to 
you my most sincere thanks for your kind and veiy explicit reply 
to my letter of the 12th November, 1874. Believing, as you told 
me, to give my letter of the 12th November, 1874, and your reply 
to it of the 22nd March in print to the Journal of the Society, I 
should recommend to add also the following remarks. As regards 
Dr. Gintl's invention of reciprocal speaking, I beg to remember 
Dr. Werner Siemens' remarks {Poggendorff^s Annalen^ Book 98, 
page 120), as I have been informed from truthworthy parties in 
Vienna that the idea of reciprocal speaking has been communi- 
cated to Dr. Gintl by Dr. Petrina, Professor of Physic at Praag. 
It must further not be left out of sight that Mr. E. S. Newall 
bought Mr. Frischen's invention, which contract is still existing, 
and who then took a patent out in the year 1854, as I already 
mentioned in the Journal TdUgraphique (II. Bd. page 456), and 
have also done so before in my pamphlet The Copying Telegraphs^ 
&c. page 117. The experiments of reciprocal speaking made in 
England could of course only be mentioned " in January, 1855." 

I have the honour, Sir, to be 

Your obedient servant, 

(Signed) Dr. Zetzschk. 

Latimeb Clabk, Esq. 

President of the Society of Telegraph Engineers, London. 
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INDIAN AND AMERICAN* TELEGRAPHS. 

In No. VII. of the Journal of the Society of Telegraph Engineers^ 
I observe on page 115 a letter written by Mr. D. Brooks, dated 
Philadelphia, August 21st, 1874. As this letter contains some 
criticisms of parts of my paper on '' Some Points in Connection 
with the Indian Telegraphs," it is necessary for me to enter again 
into the matter. In my paper, the question. What would produce 
the insertion of one per cent of bad insulators of a certain resis- 
tance on a line of a definite length? was investigated mathematically, 
and the result arrived at was, that in the case imder consideration 
the consumption of battery material would be increased 60 per 
ceni, and the received or effective current diminished 20 per cent. 
Mr. Brooks objects to this, informing us that, in addition to the 
battery material employed in producing the line-current, battery 
material is also used up when the poles are insulated. As, how- 
ever, this local action is in no way connected with the good or bad 
insulators, it had absolutely nothing to do with the question I was • 
considering, which concerned itself solely with the battery material 
legitimately employed in producing the line-current in the different 
cases considered. 

Farther on, Mr. Brooks asks, " Are tlie benefits derived fi'om 
the accurate quantitative testing of new insulations at the stores in 
Calcutta, Bombay, and Madras, commensurate with the care be- 
stowed ?" and quotes what I stated to be the average insulation of 
the lines in India to prove that the answer is in the negative. The 
average insulation given is that of the lines constructed in India 
during the last quarter of a century, whereas, the quantitative 
testing of the insulators was only regularly established in 1871, in 
consequence of the insulation of some of the lines being much 
lower than it would be if all the insulators were good. Mr. Brooks 
refers to some lines in America that have as much as a hundred 
millions per mile in rain. Lines constructed of Schonberg porce- 
1am insulators (many thousands of which, not some thousand, as 
printed in the Journal) I passed for the Indian Government at the 
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end of 1872, should have (as can be deduced from ihe results of 
the tests,- page 189 of my paper) an insulation of two hundred 
thousand millions per mile, if only the rims or edges of the porce- 
lain cups were dry, the remainder of the cups being perfectly wet 
outside and inside, as in the testing. Even diminishing this result 
a hundred per cent, to allow for damp on the edges also of the 
cups, we should still have with Schonberg porcelain an insulation 
during rain twenty times as high as that of the best lines in the 
United States. As, however, I did not expect that Schonberg 
insulators solely would be used in the construction of any one line 
in India, but that they would probably be mixed with the cheaper 
insulators, either of Messrs. Pinder Bourne, or of Madame Defuis- 
seaux, I anticipated in my paper a very much lower probable 
insulation, one in fact nearly as low as that of the very best 
American lines. 

With reference to signalling, Mr. Brooks condemns the acknow- 
ledging tap given in India, by the receiving signaller, alleging as 
his objection that in order that this acknowledgment may be given 
the pen must be dropped at the end of each word. The acknow- 
ledgment is of course given with the left hand, and does not, 
therefore, materially interfere with the speed of working ; conse- 
quently Mr. Brooks's inability to see " how two good operators 
could, by the Indian method, get more than twenty messages of 
twenty words each per hour over a line," will now be removed,, 
and he will understand how that fifty such messages hourly is no 
uncommon number. 

Mr. Brooks next refers to Duplex Telegraphy. For full parti- 
culars of what has been done in India under this head, I would refer 
to the papers published by Mr. Schwendler, in the " Journal of the 
Asiatic Society of Bengtd," vol. xliii. Part II. 1874. 

The most serious question, however, referred to by Mr. Brooks 
is the subject of the proper resistance for a relay. As he quotes 
a report of Mr. Varley's on American closed circuit working, and 
proposes applying the rules therein given to open circuit working, 
it is not surprising that he arrives at the conclusion that " doctors 
disagree, and that there is no subject upon which there are such 
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a diversity of opinions as upon the proper resistance of a relay." 
From this I conclude, therefore, that the mathematical analysis of 
the subject cannot be generally known, and in consequence I append 
an investigation, in which T have proved : — 

I. That, with the system of working employed in India, high 
resistance relays are the best for long lines. 

II. That, with the system of working employed in the United 
States, rather low resistance relays must be used for even long 
lines. 

III. That, in consequence, closed circuit working is a far more 
expensive system than open circuit working. 

IV. That the American system of using one-line battery only 
for several lines is far more troublesome and expensive than the 
employment of several line batteries. 

To DETERMINE THE BEST RESISTANCE FOR A ReLAY. 

1. Open circuit, sending current not working the relay of the 
sending instrument. 

Let K be the true conduction resistance of the line up to the 
position of the resultant fault, that is the point where a single 
leakage could be substituted to replace all the leakages at the 
diflFerent points of the line. 
Let k be the true conduction resistance of the rest of the line. 
„ I be the total insulation. 

„ C be the current passing through the receiving relay. 
„ E be the electromotive force of the sending battery. 
„ R be the resistance of the receiving relay 

*®^ ^ =K (I + A + R) + I (yb -f R) 
if we neglect the resistance of the battery. 

Now if the size of the bobbins of the relay be constant as well as 
the specific resistance of the copper wire employed in winding, 
then neglecting the thickness of the insulating covering 

R varies as W 
where N is the total number of convolutions of wire in the bobbins; 

f2 
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this is easily seen, since, if the number of turns be doubled, the 
length of wire will be doubled, and the sectional area of the wire 
halved, therefore the resistance will be quadrupled. 
If the relay be polarised \_.^ ^^ ^^ 
the delicacy Y ^ 






lE^R 



KI 4- (K + I) i + (K + I) R 
or if the relay be not 1 C^N^ 

nnlnrisfifl fliAn V J 



polarised then Y 



>? 



IKI + (K + I)Z; + (K + I)RJ 
In either case, equating --= to in order to obtain the resistance 
that gives maximum delicacy, we have 

To use this equation we must take I as low as ever it is likely to 
be without the existence of an actual fault, since of course we wish 
the relay to be best suited to the line when the received current is 
the weakest. 

For example : Let the line be 200 miles long, composed of wire 
having say 10. B.A. units per mile, let the leakage be uniformly 
distributed over the line, and the lowest normal insulation be, say, 
one million per mile, 

then K = 1000 

k = 1000 

I = 10^000 ^ 5000 

and R = 1833 B.A. units. 

If the line be exceedingly well insulated, so that practically I is 
infinite, then 

R = 2000 B.A. units. 

2. Closed circuit, battery at each end, sending current passing 
through all the relays including that of the sending station. 
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First let us take the case of an exceedingly well insulated line so 
that I is very great, then neglecting the resistance of the batteries. 

P E 

"" L + Ri + Rj + E^ + Ac. 

where E is the sum of the electromotive forces of the two batteries, 
L the total conduction resistance of the line, and Rj, Rg, Rg, &c , 
the resistances of the relays. 

Now since I is very large the same current practically will pass 
through every relay, therefore there is no reason why the resist- 
ance of one relay should be larger than that of another, conse- 
quently we may assume 

Ri + R3 + R3 + ...=jpR. 

where p is the total number of stations ^ 

Consequently with polarised relays! ) . E \/ R 

^ "^ "^ \ varies as ^ ^, 

the delicacy Y of any one relay ) -Lj + pK 

or with unpolarised relays Y „ I j— — ^ I 

dY 
in either case equating 5p~^ ^ obtain the resistance that gives 

maximum delicacy we have 

P 

Example. — Let us take the same line as before with excellent 

insulation, and let p, the total number of relays in circuit, be 20, 

then 

^ 2000 

= 100 B.A. units. 

If the insulation be not perfect, then the mathematical reasoning 
used in determining what should be the exact resistance of each of 
a number of relays, in order that the delicacy of each shall be a 
maximum, is not as easy as before, since now the same current will 
not traverse each instrument. The mathematical investigation 
gives, however, as a result, that the resistance of each relay should 
be somewhat less than the fraction obtained by dividing the total 
conduction resistance of the line, independent of the resistance of 
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the relays by the total number of relays in circuit, in other words 
should be somewhat less than the result previously obtained with 
perfect insulation. 

Open Circuit Working compared with Closed Circuit Work- 
ing AS regards Battery Power, Consumption op Battery 
Material, &c. when the terminal stations are signalling 
one to the other. 

According to the best method of open circuit working the current 
sent from station A to station F passes only through a galvanoscope 
at all the intermediate offices B, C, D, E ; the resistance of the 
galvanoscope being the least comparable with the reading of the 
name of the station called. When a message is to be received by 
an intermediate station this galvanoscope is replaced by a relay. 
The most advantageous method of working a local line on open 
circuit would be obviously as follows : the relay at each of the 
terminal stations to have the resistance that gives maximum 
delicacy when the terminal stations are signalling one to this other, 
the batteries at all stations to be sufficiently strong to work the 
terminal relays satisfactorily; and then the relays at the inter- 
mediate stations may have resistances somewhat less than those 
necessary to give maximum delicacy when receiving from the 
terminal stations. With closed circuit working, on the other hand, 
no relay should have less than the resistance calculation shows will 
give maximum delicacy. 

In the following consideration let the relays be polarised, all the 
magnets of the same strength, and all the bobbins of the various 
relays of the same size, but, of course, wound with different wire 
in the different cases. 

Let the line, for simplicity of calculation, be very well in- 
sulated. 

Let L be the true conduction resistance of the line wire only, 
Gr be the resistance of each of the galvanoscopes employed 

in open circuit working, . 
p be the totfiJ number of atajiiops in circuit. 
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Let e be the electromotive force of each cell, 

V be the number of cells employed at one terminal station in 

open circuit working, 

V be the total number of cells employed at both terminal 

stations in closed circuit working. 
Then according to previous calculation regarding maximum 
delicacy we have, neglecting the resistance of the batteries. 

Open Circuit. 
Resistance of terminal relay 

Current, c, passing through terminal relay 

__ ve 

" 2{L + (p~2)G}' 
Electro-magnetic attraction, ^, of terminal relay 

_ ^ ve y/L + (j? - 2) G 
"^ 2{L+(p-2)Gr 

__ -J. ve^ 

"'^2x/L + (p~2)G* 

Closed Circuit. 

Resistance of each relay 

_L 

Onrrent C, passing through each relay 

~2L' 
Electro-magnetic attraction, Y, of terminal relay 

Ve v/L 



= J 



2Ly/ 
Ve 



~ 2 v/pL' 

where J is a constant depending on the forms of the bobbins, the 
amonnt of magnetism in the permanent magnet of the relay, &c., 
but independent of the wire with which the relay is wouqd ; J is 
thwefore a constant in this investigation. 
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Now, in order that y may equal Y, 

-r ve __ y Ve 



2VL + (j9-2)G 2 ^pL 



Also, if the cells be joined all in series, which is usually the case 
in line batteries, the amount of battery material consumed in send- 
ing the current is proportional to the product of the current inio 
the number of cells employed, thwefore if a be the battery material 
consumed in sending the current from terminal station to terminal 
station in open circuit working, and if X have a similar meaning 
in closed circuit working, then — 

X^CV 

X 2L ^pL 



' ' aj "^ ve v/L + (p-2)G' 

2{L + (i>-2)G} 

_ L + (j ? - 2) G pL 

"" L ^ L + (p-2)G 

Now, in open circuit working, when intermediate stations com- 
municate with one another, or when an intermediate station signals 
to a terminal station, the consumption of battery material will be 
less than when the two terminal stations communicate with one 
another, since the number of cells employed at an intermediate 
station will be so much less than the number employed at a ter- 
minal station, that the current received at the terminal station shall 
be always the same. On the other hand, the consumption of bat- 
tery material at a terminal station will bo greater when it signals 
to an intermediate station than when signalling to the other 
terminal station, since the current traversing the sending battery 
will be greater, owing to the external resistance opposed to it being 
less. This extra consumption might of course be avoided, by using 
different sending batteries at terminal stations, but the gain would 
be hardly worth the trouble required to change from one battery 
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to another. On the whole, therefore, in open circuit working the 
total amount of battery material consumed at all stations in pro- 
ducing the line-currents will be less than if all the messages were 
sent from one terminal station to the other. In closed circuit 
working the amount consumed is, of course, independent of the 
particular offices sending and receiving the message. Consequently 
we may conclude that, independent of local action in the batteries 
when they are not working, the total amount of battery material 
legitimately consumed in closed circuit working is rather more than 
p times the whole consumption with open circuit working, p being, 
as defined, the total number of stations in circuit. 

• 

Consideration regarding the Employment of one Line-Bat- 
tery ONLY, OR OF Separate Batteries for the different 
Lines coming into an Office. 

If a station A be signalling to a station Z, whether by open 
circuit or by closed circuit, it is clear that constant working (that 
is working without perpetual adjustment of the relays) can only be 
obtained when the current leaving each station is tolerably con- 
stant. We have, therefore, only to consider how the constancy of 
the sent current is affected. 

Let E be the electromotive force, and B the internal resistance 

of one battery used for working two lines. 
Let K be the circuit resistance of the first line, that is the resist- 
ance that would be obtained on measuring when the line is 
joined up at the distant station as it usually is when receiving 
a current. 
Let k be the circuit resistance of the second line. 
Let C be the current sent on the first line when a current is not 

also sent on the second line. 
Let c be the current sent on the first line when a current is 
simultaneously/ sent on the second line. 

E 



then C = 



c = 



B + K 



(K 4- A) B + KZ; 
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Now, in order that C may equal c which is the condition of 

.constant working we have, for values neither infinite nor nought of 

K and h 

B = 0. 

Consequently in order to approximate to this Grove's cells, since 
they have a very small internal resistance, must be employed when 
one line battery only is used for different lines. 

But the maintenance of a Grove's battery is exceedingly expen- 
sive and troublesome owing to the cost of the nitric acid and the 
rapidity with which it becomes diluted when the battery is acting. 
Consequently separate line-batteries of Daniell's, or other cells, are 
much to be preferred to one line-battery only. 

Mr. Brooks' constant reference to his own insulator induces one 
to remark that the form of the insulating cup, as pictured in the 
advertisements, would, in a country where spiders and other 
insects are numerous, cause the whole inside of the insulator to be 
rapidly choked with their webs, and in addition would quite 
prevent the inside being easily cleaned. 

W. E. Ayrton. 

The Imperial College of Engineering, 
Tokio, Japan. 



ON THE LEAKAGE OP SUBMARINE CABLES. 
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Il|h 



A B is a cable, equally lealjy throughout. It is 20 miles long. 
It requires eight Leclanche cells to work a theoretically perfect 
cable. What insulating power must the dielectric have to produce. 
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ihe same strength of signal with 12 cells? How many cells will 
be required to work with an insulation of 100,000 ohms per mile ? 

The general solution of the problem, of which the above pai'- 
ticular eases were submitted to me, is one of much interest, and, 
although certain cases have been solved more than once, the com- 
plete determination of the flow of electricity through a leaky cable 
is of suflicient practical value to excuse its publication here. 

Let the cable A B, of any length, have its further end to earth 
through a resistance a. By putting o* = the end of the cable 
will be direct to earth, and by putting o- = oo , it will be insulated. 

Let A B = n 

AP = ^ 
P Q = d^. 

Let the potential at A = V^ 

B = V 

n 

P = V 

Q = V H- tfV. 
Let the strength of current at 

A=I 
B = I, 
P = I 

Q=I+dL 
Let the resistance of 

XAP=R 
XAQ = R + dR 
XAB = R„ 
XA =R,= (r. 
Also let resistance of unit length of conductor = r. 
And let insulation „ „ sheathing = L 
Calling the electromotive force of the battery E, then since 
the flow of electricity from any point to any other point close to it 
is from the point of higher to that of lower potential, and is equal 
to the diflference of potential divided by the resistance separating 
the two points, therefore the current along A B at P is. 
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The resistance of the wire P Q is evidently r dx^ because it varies 
directly as its length, but the resistance of the insulating sheath 

P Q is ^, because it varies inversely as its length. Hence the 

"leakage," or the current from the surface of the conductor be- 
tween the points P and Q to the earth where potential is zero, is 

V-0 Ndx ,j 
— -. — = — ;— = al. 



Hence — 



dx 


dl V 

dx i^ 


j_dY 

rdx 


dl 1 d^Y 
dx r dx^^ 


dar I 


3 ^ 

rnr = -,. 



but 



and therefore 



therefore 

where 

The solution of this differential equation, obtained by the well- 
known method,* is — 

V=: A6^ + Be-"»* (1) 

and I = - ^ = ^ fAe"' - Be-»^1 .... (2) 

r dx r \- J ^ ' 

Now when ar = n 

V = V, = Band 1 = 1,; 

,1 /. . ♦ . , potential 

therefore, since resistance = I-- — ?-— 

intensity 

^n = X = r 

and similarly when ^ = 

V = Vo and I = lo 

Yo 
and R^ = (T = —- 

* See " Boole's Differential Equations." 
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Taking therefore « = n 

E = V. = Ae"^ + Be''^ 



by (1) 
I„ = -[Ae'»»-B«-^] by (2) 



therefore • 
Again, takings = 



In m 






+ Bg '**" "] 



I» m 



A+B 



^•(A-B) 



therefore 



and 



R = - 



n 



r 
m 




-)■ 



Again 
and 
therefore 



I, = - [Ae""* - Be-"""] 

I«="[A-B]; 
lo A-B 



-OJ 



In A^ "»» — Be 

r m 



•~mn^ 



hut 



A 
B 



a-- + 1 

m - 

a 1 

. r 

r 



by (4) ; 



therefi 



ore 



lo _ ^;^ 

In" 



-1 



cr -f 1 
r 

m - 

cr 1 

r 



gfnn ^ g— mn 



tvnn 



(.^-m)-.'».-(.^-i) 



(3) 



(4) 



•• (A) 



(B) 
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Also by (A) 



T -3 _1^ 



and by (B) 



(f4<r ^ + l) + e-""'(o- ^ - l^) 



(C) 



1.= 



2E^ 
r 



(D). 



The formulae (A), (B), (C), (D), are the formulsB in general 
required. If it be required to determine r or i, the other elements 
being given, we must proceed by the method of gradual approxi- 
mation. 

Now let <r = 00, i.e. let end of cable be insulated, then we have 



P 2 
In "" ^ " 

J _ Em re"^^ — ^-"•'S 






(oi) 

i« = (^). 

Next let <r = 0, i.e. let end of cable be put to earth, then 

lo 2 2 

I„~ 



linn 



+ « 



—mn 



ih) 



tmn 



+ 



g^ 



__ Em p g»»» -f g-'^w -i 



L = 



2E^ 



(«2) 



('i^)- 



I may point out, with reference to formula (63), that it agrees 
with that given by Professor Fleeming Jenkin in his Electricity and 
Magnetism J page 345, where, however, by an obvious misprint, e"»'» 
has been given as emn (the m in his treatise corresponds with the 
i in the above formula). 
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Again, having had given the electro-motive force E ^ necessary to 
produce a signal of a certain strength through a perfect cable, to 
find what electro-motive force E will be necessary to produce the 
same strength of current through a uniformly, leaky cable. 

For this we have by (dg) 

L = 



mn a—mn 



e"*" — e 



E^ 
and lo = — ; 



nr 



therefore — E = — ^ ^ 



2!? 



r 



__ E^ («'"" — «-♦»») 

It may be as well to notice, that from equations (a^) and {ao) 
the product of the resistance of the cable when its end is to earth, 
and its resistance when its end is insulated, equals — 

x,e, is constant. 

We now proceed to apply the general results obtained to the 
cases propounded and others. 

Examples : — 

Tlie cable we will suppose to have a conductor resistance of 
10 ohms per mile. 

The length of the cable is 20 miles. 

First— 

To find the total resistance of the cable when to earth at the end. 

If perfect the resistance will be 20 x 10 = 200 ohms. 

Suppose now the insulation resistance of each mile of cable to be 
100,000 ohms then— 

/ ~io _ 1_ 

''' "" V 100000 ioo 

,nn^ __x20= 1 
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m , ^ .^^^ /^-TlSa* - 2-7183""*^ 

Total Res. = 1000 r—— -r ttt 

I 2-7183* + 2-7183 * 

= 197-38 ohms. 
Second — 

To find the total resistance of the cable when the end is insulated. 
If perfect the resistance will be = oo. 
If not 

Total B.s. = 1000 f2jZ183i±_^^ 

V2'7183*~ 21783- V 
= 50664 ohms. 

, The result which would be obtained by the common process 

would have been 

100000 



20 
Third— 



= 5000-0 ohms. 



Having given the electromotive force E, what will be the 
strength of the current flowing out and the current flowing in ? 
LetE=12^ 

2 X yy^ X 12 ^ 

Current flowing out = I© = ir^: r-^ . 

^ 10 2-7183* -2-7183-^ 

= •059601. 

E 12 

Current flowing in = I;^ = g— = ^ = - 060796 . 

Fourth- 
Having given the electromotive force E^ necessary to producer 
a signal of a jcertain strength through a perfect cable, to find 
what electromotive force E will be necessary to produce the same 
strength of current through a uniformly leaky cable. 

El ^„ ™„x 

= 1 (2-7183* - 2-7183-*) 

2x— .X20 

^^^ ;the 

= 80535 cells. 



1 

s 



■'iftU- 

Having giveii t]i9 electromotive force E' neceasary to woi'k a 
perfect cable, wliat insulating power must the dielectric lia^e to 
produce the same strength of signal with an electro motive force E ? 
Having giveii E = 12, E^ = 8, to find what i equals. 
Tfiia must be done by gradual approximation. 
The value will be found to be 

i = 1520 ohms. 
I propose in a aobsequeut paper to deal with the case of an over- 
land wire supported on imperfectly insulated poles, so that there is 
an escape at a series of detached points. 

A. B. Kempe, B.A. 



ANEW METHOD FOR THE DETERMINATION OF THE 
DISTANCE OF A FAULT IN SUBMARINE CABLES. 

The methods hitherto employed are not very precise, especially 
when the cable not being broken the fault is such aa not to prevent 
commtinicAtions between extreme stations. Tlie polarisation pro- 
duced at the fault vitiates also the results obtained, and it is not 
possible to take in account the influence of natural currents circu- 
lating in the cable. Those wlio have had to determine a fault of 
tills nature know all these difficulties. 

The method herewith introduced Is a combination of that pub- 
lished by the author, On the Determination of Voltaic Constants 
(Bee Journal Tfhgraphique of Berne, 25th Jan. 1873), and of the 
proceedings indicated by Latimer Clark in bis paper On a Voltaic 
^cndard of Electrotnotive Force (see Proceedings of the Royal 
Society, vol. XX. p. 444, 1872). 

The influence of polarisation at the fault is entirely avoided, aa 
well as that due to the presence of natural currents. The distance 

*lie fault is obtained without making any comparison with 
oa teats, and there is no correction to be made for the 
\ture of the cable, and therefore its conductivity at the time 
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of the experiments. This method is likewise independent of 
variations which may take place in the electromotive force or 
resistance of the batteries employed. 

It therefore seems to combine conditions of accuracy far sur- 
passing those that can be obtained by other methods in the same 
case indicated, which is, however, one of the most difficult. 

We shall first explain this method theoretically, then we shall 
examine the means to be employed for its practical application. 
It is sufficient, for the present, to observe that the experiments are 
made simultaneously at each end of the cable. 

A B is the cable, and C the fault. 

K, A, a and K', K^ 6, are resistances. K and K'' being variable, 
and arbitrarily graduated^ or even not graduated at all — h and li 
are adjusted so as to allow a determined and previously fixed resis- 
tance, or its double, to be taken at will, a and h are two slide 
resistance-boxes, graduated in the same units as h and h\ 

Gr, g^ and G', ^', are Thomson's galvanometers. 

2 and 2' are batteries formed, each of them, with one standard 
cell of Latimer Clark's pattern, and therefore equal, e and e' are 
also batteries formed with elements of Latimer Clark's type. 

E and E' are batteries of any kind, but having a total electro- 
motive force superior to that of e and 6, They are, therefore, the 
only ones producing current and work. 

Finally, m, w, and m\ n'^ represent the natural electromotive 
forces which may develope themselves in and act on the cable. 




@ ® 



in/ 



rv 



1 y 







ff //////m//w//mm^///M^Mmw^^^ 



The batteries being arranged, as shown by above diagram, viz., 
in such a way that currents leaving e and / add themselves in the 
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cable, and are opposed to the corresponding currents starting from 
E and E'; and from 2 and 2', we have, according to KirchofF's 
law, the following relations, naming i the currents and r the resis- 
tances, corresponding to each part of the circuit : 

h -^h =h h'^s + *4^4=2 

^6 + ^ = h 

h-^ho + hi — h h^8 + *>9 = S' 

In order that no polarisation should take place in 6, the current 

there should be nil and i^ = o, 

wherefrom ig = 17. 

To avoid polarisation we must therefore arrange so that there 

are equal currents in A and B. 2 and 2' should therefore bo 

made equal, which is r.lready the case, and if we introduce in h and 

• K two resistances conveniently selected, modifying at the same 

time a and 6 so as to bring to zero the needles of galvanometers 

Gand G', we shall have 

ig = and ig = 0. 

Moreover we may eliminate the values of resistances in batteries 

E and E', thus doing away at the same time with the eflFect of 

variabiliiy in their electromotive forces, by modifying K and K' 

80 as to bring also to zero the needles of galvanometers ff and g\ 

We have thus — 

ig = and ijo — 0. 

So that all the proceeding relations become 

h = *4 = *6 = ^ = % == hi = I 

1.^4 = 2 1.^8 = 2 

To obtain equal currents we must therefore make r^ = rg, that is 
to say, we must have h= h' b>s it is evident that r^ = L From 
the above equations we obtain — 

»! + £+/= I and "\V-^ =I- 

After having realised these conditions, the same operation is 
repeated by reducing the circulating current to half its value. It 

g2 
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is sufficient in that case to double 7i and to vary the resistance a 
and h until the galvanometers return to zero. Then we have 
again — 

2A+R5 2 2A + R7 2 

From these four relations we obtain the two following — 

2^5 = Rg and 2r7 = R7 

we have on the other hand 

r^zzz a-\- X rrj = h -\- y 

and 
R5 = A + y B7=B + y 

A and B being the new values of resistances in a and i, therefore 

.2? = A — 2a and ?/=B— .26. 

If we operate so as to make the experiments in quick succes- 
sion, thus avoiding the variations which might arise in the natural 
electromotive forces n, n', and /, the result obtained will be alto- 
gether independent of the acting batteries, of polarization at the 
fault and of the presence of natural currents. 

Let I express the length of the cable and d the distance to the 

fault on side A C, we have evidently -3 — = - wherefrom we find 

CL OS 

for the required distance 

I (A - 2a) 



d- 



A + B - 2 (a + 6). 



Practical Operation. 

The series of manipulation described above may appear at first 
tedious and difficult, but it is not so, especially if the distance to 
the fault is already known approximately, and if we make e = e'y as 
in that case we may determine very closely the values to give to 
resistances a and h in both successive experiments, and then we 
shall easily and quickly bring the needles of both galvanometers 
G and Gr' to zero. 

At each end of the cable there should be an electrician and his 
assistant. The latter will manipulate resistance k by sliding it 
gently either right or left until the needle of galvanometer g comes 
to zero. 
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The electrician acts on resistance a, after having taken for h a 
convenient quantity previously determined. He thus tries to 
maintain the needle of galvanometer G at zero. 

To proceed with experiments, when everything has been pre- 
viously concerted, when h is determined and g is at zero, send both 
currents, then galvanometers G and G' deviate, and resistances a 
and h have to be gently altered until the two galvanometers return 
to zero. 

Suppose that the electrician placed at G be in charge of the 
whole operation, as long as his galvanometer stands at zero ho 
knows that G' is also at zero, and therefore that resistance h re- 
mains unaltered. 

This done, he alters h to 2A, which moves the needles of both 
galvanometers and serves as a signal for G', who also alters li into 
ih\ and on each side galvanometers are brought to zero in the same 
way as before. 

After these experiments the numbers found on the rheostats at 
the nearest time of the alteration of h in 2A are exchanged between 
both electricians. 

These operations can be repeated several times in order to 
obtain mean results. 

If it is desired to find the resistance of the fault, it will be easy, 

knowing its distance, to determine it by one of the known 

methods. 

Emile Lacoine. 

Constantinople. 
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Phil. Mag. Vol XL. June, No. 327. 

ON THE ELECTRIC CONDUCTING POWER OF THE CHLO- 
RIDES OF THE ALKALIES, ALKALINE EARTHS, AND 
NITRIC ACID IN AQUEOUS SOLUTIONS. 

By F. KoHLRAuscH and 0. Grotrian. 

Experiments were made on thirty-five different solutions of the chlo- 
rides of the alkalies and alkaline earths, which showed the dependence of 
the conducting power on the amount of salt contained, and on the tem- 
perature from 0° to 40° C. ; seven solutions of nitric acid were also ex- 
perimented on. 

Certain precautions were taken so as to avoid error due to the polar- ' 
isation of the electrodes between which the liquids were placed. 

The observations of each solution were comprehended in the formula, 

K,= K,(1 + at + l3t^) 

in which K, signifies the conductivity at the temperature t. The result 
of the experiments proved that : — 

The conducting power increases in nearly equal proportion with ihe 
temperature. 

The temperature co-efficients for the different chlorides in dilute solu- 
tions were approximately equal. 

With increasing amount of salt contained all the temperature co-effi- 
cients at first diminish. Afterwards it was found that KCZ, NH4CZ, and 
BaC/2 show a diminution of the co-efficients up to the greatest concen- ^ 
tration, whilst NaC/, CaCZg, and M^C/2, on the contrary, have a minimum 
between 10 and 20 per cent. 

The experiments tended to advance a theory " tliat equal volumes of 
anhydrous salts in solutions imply equal conducting power." 

The best conducting salt was found to be the ammonic chloride, which 
conducted about one-half as well as the best conducting acids known, 
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when 25 per cent, of the salt was present in the solution. At a tem- 
perature of 100° it conducted quite as well as the acid solution. 

It is pointed out from this that the sal-ammoniac solution could be 
employed with advantage in voltaic batteries in preference to the 
strongest adds. 



THE ELECTROLYSIS OF CERTAIN METALLIC 

CHLORIDES. 

By J. H. Gladstone, F.R.S., and Alfred Tribe, F.C.S. 

In previous experiments it had been shown that nitrate of copper 
brought into tension by silver and copper in conjunction is decomposed 
by free oxygen in solution. It was now endeavoured to substitute 
chlorine in the form of chloride of copper in the place of oxygen. 

When a copper and platinum plate are immersed in cupric chloride, 
cupreous chloride forms on the copper plate alone, but if the two plates 
are connected by a wire it is found that both plates become coated. This 
deposit on the platinum plate was only strongly marked when the 
solutions contained from 2*5 to 10 per cent, of the salt. A 40 per cent, 
solution gave no deposit;- the copper plate was, however, coated as 
before. 

When platinum electrodes in a solution of the cupric chloride were 
excited by a single zinc-platinum cell, excited by common water, cupreous 
chlorine was deposited on the negative electrode and chloride liberated at 
the positive. A Grove's cell first deposited cupreous chloride and then 
metallic copper at the negative pole, chlorine being formed as before at 
the positive plate. 

Substituting a zinc plate in the place of the copper one in the first 
experiment, and joining their poles, a more energetic action was pro- 
dneed, metallic copper being deposited on the platinum plate besides the 
capreous chloride. 

The actions were tried with other chlorides and the same results were 
obtained. 
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ON THE FLOW OF ELECTRICITY IN A UNIFORM PLANE 

CONDUCTING SURFACE. 

By G. Carey Foster, F.R.S., and Oliver J. Lodge. 

The first case considered is that of one pole in an infinite sheet. The 
lines of flow being evidently in this case straight lines radiating from 
the pole. The resistance of a portion of the sheet bounded by two circles 
of which the pole is the centre is shown to be 

in which r^ is the radius of the outer circle, rj that of the inner, 8 the 
thickness of the plate, and k a constant ; the equation being in fkct the 
one for the resistance of the core of a submarine cable in which rj is the 
outer diameter or radius, 7\ the diameter or radius of the conductor, and 
b the length. 

The next proposition taken was that of two equal and opposite poles in 
an infinite sheet, the two poles of a battery in fact. 

The lines of flow in this case are shown to be circles, but not con- 
secutive ones, passing through the poles, each one differing from its 
neighbour by a constant change. 

The lines of equipotential, that is, lines in which if we placed the two 
wires from a galvanometer we should obtain no deflection, were shown to 
be circles all of which were centered in a straight line passing through 
the two poles, and whose circumferences cut the lines of flow at right 
angles. 

If rj and r2 are the distances of these circles from one pole, and ri^ 
and r^ the distances from the other pole, then the resistance between the 
poles is expressed by the formula 

or taking pi the radius of the circle at the positive pole or source, p, the 
radius of the circle at the negative pole or sink, and 2a the distance 
between the poles, then 

R=-J_ • log?? 
2 Kb ^p. 

When the circles are over the same pole the case is the same as for 
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1 pole on an infinite sheet, the difference being that the circles in this 
latter case are not concentric. 
When the circles surround opposite poles, if the radii are equal, then— 

B 1 .iog.e±^^^±i.' 

T K p 

or when the common radius is small as compared with a, or as we may 
take it the diameter of the wires in the sheet, then — 

E= 1 . log. Pf 

W K O p 

The resistance of the wires at the edge of a disc and on opposite sides is 
giyen by the formula ^ 

R= ^ log. — 

TT K O p 

where D is the diameter of the disc. 

A general result for any number of poles in an infinite sheet is also 
discussed. 



( Vol. XL., July, No. 328.) 

AN EXPERIMENT FOR SHOWING THE ELECTRIC CON- 
DUCTIVITY OP VARIOUS FORMS OF CARBON. 

By H. Baknerman, P.C.S.- 

A fragment of the substance to be tested is held between the jaws of a 
pair of tongues, formed by bending a strip of sheet-zinc into a horseshoe 
form, and immersed in a solution of cupric sulphate. If the carbon is 
a non-conductor the copper salt is decomposed, and a deposit of copper 
takes place on the zinc alone, but if the carbon conducts, the deposit 
takes place on the carbon, in consequence of the zinc and carbon forming 
a galyanic couple: 

A comparatiye conductivity would thus be roughly shown by the rate 
at which the deposit takes place on the various kinds of carbon experi- 
mented on. 

It was found that American anthracite and coals, which had been sub- 
jected to the action of intruded igneous rocks, conducted best. 

Some Peruvian anthracite, containing a large amount of sulphur, con- 
ducted almost as well as graphite. Welsh anthracite did not appear to 
conduct until after it had been heated red-hot, when it conducted freely. 
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It is suggested that these experiments might give a possible clue to 
the temperature at which anthracitic metamorphism of coals has been 
effected in different districts. 



CENTRAL TELEGRAPH STATIONS. 

The great commercial capitals of the world, London and New York, 
have within a very short period been provided with Central Telegraph 
Offices which for extent and completeness are unequalled elsewhere. 
The Central Telegraph Station in St. Martin's-le-Qrand, and the new 
offices of the Western Union Telegraph Company in Broadway, New 
York, may be regarded as evidences of an amount of progress such as 
has attended few institutions in our time. Less than thirty years ago 
the " system " of the late Electric Telegraph Company, or, to speak 
more correctly, the telegraphic system of the United Kingdom, consisted 
of a line to Nine Elms, and a small office at 334, Strand. Similarly, in 
1846, a single wire was erected to an obscure office beneath the express 
offices at No. 16, Wall Street, New York, and two wires from Washing- 
ton terminated in a small room over the Ferry-house in Jersey City, 
where three clerks easily, and not very continuously, performed the whole 
telegraphic business of the city of New York. We need not trace the 
progress of the Electric Telegraph Company eastward until it acquired 
extensive offices, first, in Founders* Court, Lothbury, and, subsequently, 
in Telegraph Street, Moorgate Street. Nor need we do more than sim- 
ply mention the British and Irish Magnetic Telegraph Company, with 
its offices in Threadneedle Street, and the United Kingdom Telegraph 
Company, located in Gresham Street. All three were eventually housed 
in the premises built by the Electric Company in Telegraph Street, and 
thence the next move was to the new Post-Office in St. Martin's-le- 
Qrand. This event occurred on the 17th of January, 1874 ; and, little 
more than a year afterwards — ^viz., on the 1st of February last — the 
Great American Telegraph Company moved to its new premises in 
Broadway, New York. 

The American structure has been erected at a cost of more than two 
million dollars, and' a considerable portion of this amount has been 
subscribed in England — chiefly in London, we believe. It is built of 



t and granite, in what, with some latitude, may he deaignated as the 
nncb renaissance stjle, the main idea in its construction heing to 
reduce in, appearance, hy the proportions and the arrangement of the 
details, the great height of the building, as compared with it* width or 
front. The huilding is said to he firo-proof throughout, wood having 
only haying been used for the doors, window sashes, and the wainscoting. 
Most people are fam.iKar with the appearance of our new Post-Office 
buildings in St. Martin's -le- Grand. Many regard them as being wholly 
devoted to telegraph purposes; but it shonld be explained that only the 
top floor, the basement, and one or two rooms on the intervening floors 
are so occupied. The building of the Western Union Telegraph Com- 
pany in New Yorfc extends to the height of no fewer than ten separate 
floors, and is mainly occojiied hy the various offices of the Company ; 
but it is with the operating rooms, situated on the seventh floor, just as 
it is with the instrument galleries in St. Mnrtin's-le- Grand, that we are 
mainly concerned in speaking of, both as cential telegraph stations. The 
American room is 14.^) feet long, 70 feet wide, and 23 feet high, or about 
the size of the central gallery in St. Martin's -le-G rand. This gallery, 
supplemented by the side (rings, and forming a space somewhat 
resembling the letter H, has a superficial area of not less than 20,000 
feet ; so that the American room is not mora than half the size of our 
on-n. The instrument tables do not extend to more than 500 feet in 
length in New York ; while those at St, Martin 'a -le-Grand extond to 
2,800 feet, or more than half a mile. In America, where the system of 
" sound " telegraphy prevails to a large extent, the tables are cut into 
short lengths, each separated into four compartments, so as to isolate the 
operators from each other and to confine the sound as much as possible. 
Here, owing to the variety of systems employed and the eKtensive use of 
automatic instruments, the t-ables are of considerable length, and are 
open thronghont. In the Western Union Company's now office less 
than 200 instruments of all kinds are employed, including 149 Moree 
instruments, fifteen sets of Duplex apparatus, and six of Phelps's printing 
instniments. In St. Martin's-le- Grand the total nnmber of instniments 
exceeds 450, and includes 195 Morse printera, 122 single-needle instru- 
ments, 65 sets of Dnplex apparatiis, 53 sets of Whoatstone's automatic in- 
stmments, and 18 of other sorts. The switch or test-board of the American 
i.iHce is arranged for the distrihntion of 300 wires ; that in our own Post- 
( iilii'c building 13 arranged to accommodate 800 circuits, and if need be 
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the provision can be extended to 1,000 lines without difficulty. Batteries, 
which are to the telegraph what the boiler is to the locomotive, are 
always an object of anxiety in planning a large telegraph office. They 
cannot well be situated in the instrament room on account of their 
peculiar construction and their continual wants ; and yet they should not 
be too far away from it. In this respect the New York office, where the 
batteries are stored in a room immediately underneath the operating 
room, has a decided advantage over the London office, where several 
floors intervene between the instrument galleries and the battery room. 
In extent, however, the two departments are as widely different as are 
the (irrangements in the respective instrument rooms. In the Western 
Union Company's office provision is only made for a maximum power of 
less than 17,000 cells ; while the number of cells actually in use does not 
exceed 7,000. At St. Martin's-le-Grand 50,000 cells can readily be 
accommodated in the large room in the basement of the building set 
apart as a battery store ; while at the present moment not fewer than 
23,000 cells are actually in use. Not far short of two miles of shelving 
have been constructed in this room for the reception of batteries, and a 
perfect avalanche of wires descends from the instrument galleries above 
in order to transmit the motive power to the 450 instruments, whose 
wants are as numerous as they are varied and unceasing. Including 
these battery connections and other connections between different points 
in the instrument galleries, not less than 260 miles of gutta-percha 
covered wire are buried under the floors of the building in St. Martin's- 
le-Qrand. 

We have been struck with the small extent of the pneumatic system in 
the great telegraph office of New York. Apparently the system is 
confined to the building itself, and does not extend beyond the receiving 
and delivery departments. A single 20-horse power engine is all the 
motive power required in connection with this department, the remaining 
machinery, situated in the basement of the building, being required in 
connection with the elevators, and for heating purposes. The pneumatic 
system at St. Martin* s-le-Grand is one of the great features of the 
building. No fewer than twenty-five separate tubes communicate with 
out-stations in the Metropolitan district, ranging from Fenchurch Street 
to Tower Hill in the east, to Temple Bar and Charing Cross in the west. 
These tubes extend to a length of nearly eighteen miles, and are worked 
outwards by pressure and inwards by vacuum. In addition to these 



ontlying tubes there are twelve tabes witliin the building itself, used fur 
blowing mcBsages between one part of the instrument gallery and anothi'i'. 
So rapidly is this efl'ected that an average of four eecouds only is occupied 
by the " carrier " in making the journey across the room, or from ono 
wing to another, as the ease may be. The motive power by which the 
tubes are worked exists in the basement of the bnilding, in the shape of 
three steam engines, each of 50-horse power. Two of these are con- 
stantly employed in pumping air into or sucking it out of huge mains 
carried up the outer walls of the building, and connected with the tubes 
up-stairs. The third is at rest, ready for any emergency, or to take the 
place of that whose turn for rest next comes round. The engine-room 
resembles nothing so much as the hold of a great steamship ; and from 
the peculiarly interesting character of the machinery it is a great source 
of attraction to the numerous visitors to the Central Telegraph Office. 
Pour boUers, each of 50-horse power, and fitted with Vigars' patout 
stokers, occupy a corresponding position of the basement to that 
nccnpied by the engines ; and an Artesian well is in process of sinking, 
which, it is hoped, will supply not only the boilers, but the whole of the 
building with water. 

It only remains to notice the personnel of the two great Telegraph 
offices of the world, and to sum up the amount of business transacted in 
each. Less than 300 persons, including 75 female clerks, are employed 
by the Western Union Company in its contra! office in New York, and 
the average number of messages disposed of daily, exclusive of news 
messages, is stated to be 24,000. Allowing for the news service, whicii 
ia stated to amount to about 90,000 words daily, an average of 27,000 
messages a day would bo attained. Here, io London, as many as 1,200 
persons, including 700 females, are employed in the Central Telegraph 
Station. The number of ordinary coromercial messages dealt with in ;i 
day, allowing for such as have to be retransmitted — i.e., received on one 
wire and sent out on another — is upwards of 50,000, and taking the 
news service, exclusive of special wires, at 500,000 words a day, which is 
s fiiir average, during the Parliamentary Session a total of more than 
70,000 average messages would be reached. The news service is a 
feature to which very special importance is attached at our Central 
Telegraph Station. Special wires, known as the " Express Circuits," 
aie set apart for the service, and the Wheatstone system, which, while it 
ttoaomises the wirea, largely increases the staff, is almost oxclnsively 
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employed. At nigbt, when the great bulk of the news -work comes in, 
as many as 40 wires are exclusively occupied in the transmission of 
matter for the press throughout the United Kingdom. Nineteen of 
these wires are leased out to certain prorinciaL newspapers in England, 
Scotland, and Ireland. The remaining 21 are worked to the principal 
towns of the kingdom, and taking their united capacity, it would be 
found that on a fairly busy night as many as half a million of words, 
equal to 250 closely printed columns of The Times, would be disposed of. 
Besides the clerks employed at the newspaper offices in working the 
special wires, as many as 200 clerks are employed each night at the 
Central Telegraph Station between 8 p.m., when the female staff leaves 
duty, and midnight when the bulk of the news work has generally been 
disposed of. From midnight until 2 a.m., more than 100 clerks are 
usually employed ; and at no time of the night is the number less than 
70. Scarcely, indeed, has the night service of news been completed 
when the morning service begins, and it would be almost impossible to 
select any hour out of the 24 when press matter, either in the shape of 
markets, exchanges, or general news, Keuter, sporting, or Parliamentary, 
is not passing over the wires. 

If the telegraphic system is not yet perfect, it will be granted, at least, 
that its development thus far has been singularly, rapid, and there is, 
perhaps, no better evidence of this than in the great central offices of 
London and New York. After all, these immense establishments are 
but the growth of little more than a quarter of a century ; for, as we have 
seen, it is less than 30 years since a small room in West Strand, and 
another in Wall Street, repiresented the head quarters of the telegraph 
system of the Old World and the New.-— Tmes. 
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ELECTRIC TELEGRAPHY IN AUSTRALIA. 

A very interesting lecture or conversations waa given last evening in 
tlie AtheiiKum Hall by the membeie of the Victorian Electrical Society. 
ITiere was a very large attendance, and the cliair was occupied by Mr. 
Turner, Depnty Postmaster- General, who made a few introductory remnrkB. 
Tlie Society had provided plenty of instruments for experiments, and to 
Mr. Daniela was entrneted the task of explaining the whole of the pro- 
ceedings, which he did in a very lucid manner. During the evening the 
systems of Morse and Wheatstone were fully explained, and in order to 
elucidate the manner in which telegraphic messages were transmitted 
from one station to another, a station was arranged on the platform, and 
another in the gallery, with an intermediate station halfway down the 
hall. At tlie former Messrs, M'Ganran and Smibert officiated ; in the 
gallery Messrs. Clay and Jenvey were stationed, while Mr. Camming 
was the operator at the intermediate station. The first part of the even- 
ing's entertainment was devoted to the explanation, in as simple a manner 
IS possible, of the various systems of working the electric telegraph, and 
Ibis was very lucidly done by Mr. Daniels, as was also the system of the 
cDnstrDOtioD of the circuit, so that the messages might be transmitted on 
the various lines. He explained that under the present system it was a 
matter of impossibility to send a message from both ends of the lines at 
Ifae game JJme, and when two messages crossed on the way, it became 
necessary for the operators to break the circuit, and allow one message to 
pMS along the line before the other message was transmitted. The ratu 
of speed attainable in sending messages by the Morse system was about 
the same as that attainable by a fast writer ; but he thought there were 
Hot many writers with the pen who conld keep up with some of the more 
Mpeit operators. Twenty-five words per minute was the presumed com- 
petent operator's limit, but as much beyond that as he could do was his 
HobitioD, and as much as eighty words per minute, under certain condi- 
tions, had been attained. At the last Melbourne Cup meeting one 
operator sent two hundred and twenty messages in two hours — a feat 
only surpassed by the ekiU of the operator who received them. This 
part of the proceedings was illustrated by the transmission and reception 
of tne-EESgeB from different parts of the hall. Mr, Daniela then proceeded 
to give a scientific explanation of the system of duplet telegraphy, or the 
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sending of two messages in opposite directions at the same time by the 
same wire. He stated that the system was not at all new, as it was 
discovered in 1853, but had not hitherto come into general operation. 
After making the explanation, Mr. Daniels had to admit that the expla- 
nation was difficult to understand without fully understanding the full 
working of the whole of the telegraph system. That the duplex system 
could be successfully worked was shown by the fact that several messages 
were sent from the platform and the gallery, and vice versd. The mes- 
sages crossed one another most successfully, and were received simultane- 
ously at each end of the hall. One of the questions asked was, whether 
messages could be transmitted without any wire, and Mr. Daniels 
answered this in the affirmative by stating that it could be done at short 
distances, and by means of a new American invention called a "snapper 
sounder,*' which can be carried in the waistcoat pocket, transmitted a 
message from the platform to the gallery.. The remainder of the enter- 
tainment consisted of a number of interesting experiments with the 
electrical machine, including the explosion of torpedoes by electricity, all 
of which were attentively watched by the audience, and loudly applauded. 
It had been intended to give an explanation of the drum mystery, as 
shown by Heller and Hasalmayer at their entertainments, but owing to 
some defect in the battery the circuit could not be obtained, and as the 
instrument would not work, Mr. Daniels apologised to the audience for 
the excision from the programme. A vote of thanks to the chairman 
terminated the proceedings. — The (Melbourne, Australia) Argus, Feb- 
ruary 2nd. 



ELECTRICAL RESISTANCE OF VARIOUS METALS. 

M. Benoit has measured with great precision the electrical resistance 
of various metals at temperatures from 0° to 860°. He employed both 
the method of the differential galvanometer and of the Wheatstone's 
bridge, and for each method has measured several specimens. The mean 
of these is given in the following table, the second column giving the 
resistance of a wire, 39-37 inches long and having a cross section of 03 
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inches in ohms, and column three the same quantity in Siemens' units. 
Column four gites the resistance compared with silver : — 



Metal 



Ohms. 



Silver, A 

Copper A 

Silver, A. (1) . . . . 

Gold A 

Alumimun, A. . . . 

Magnesium, H. . . . 

Zinc, A. at 350° . . . 
Zinc, H. . . . . . 

Cadmium, H . . . . 

Brass, A. (2.) .... 

Steel, A 

Tin 

Aluminum bronze, A (3) 

Iron, A 

Palladium, A. . . . 
Platinum, A. ... 

Thallium 

Lead 

German silver, A. (4) . 
Mercury 



•0154 
•0171 
•0193 
•0217 
•0309 
•0423 
•0565 
•0594 
•0685 
•0691 
•1099 
•1161 
•1189 
•1216 
•1384 
1575 
•1831 
•1985 
■2654 
•9564 



Siemens. 



•0161 
•0179 
•0201 
•0227 
•0324 
•0443 
•0591 
•0621 
•0716 
•0723 
•1149 
•1214 
•1243 
•1272 
•1447 
•1647 
•1914 
•2075 
2775 
1^0000 



100 
90 
80 
71 
49^7 
364 
275 
25-9 
22-5 
22-3 
14 
133 
13 
127 
111 
9^77 
8-41 
77^60 
5-80 
1^61 



A aDnealed; H. hardened; (I) silver "75; (2) copper 64*2, zinc 33'1, lead 0*4; 
(3) copper 90, alnminnm 10 ; (4) copper 50, nickel 25, zinc 25. 

These results, which are all taken at •O, agree closely with those 
obtained by other observers. M. Benoit has extended his observations 
to a range of temperature much greater than those previously employed 
for this purpose. He wound the wire around a clay pipe inclosed in a 
muffle, and immersed the whole in a bath of water, mercury, sulphur, or 
cadmium, which was kept at a boiling point by a-Perret furnace. Con- 
stant temperatures of 100°, 360°, 440°, and 860° were thus obtained. 
Various temperatures below 360° were also obtained by a mercury bath. 
The measures were also corrected for expansion. Plates annexed to this 
memoir, presented to the Faculty of Science of Paris, show the results 
graphically. They show that the resistance increases regularly for all 
metals like tin, lead, and zinc up to their points of fusion. This increase, 
however, differs for different metals. We notice that tin, thallium, cad- 
mium, zinc, lead, are found together in the upper part of the plate : at 
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200° to 230° their reeistance haa doubled. Below them are iron and 
Hteel ; for the last the resistance doubles at 180°, quadruples at 430°, 
and at 860° is about nine times that at 0°. Palladium and platinum, on 
the other hand, increase much less, and only double their resistance at 
400° to 450°. Gold, copper, and silver form an intermediate group. In 
general the conductibilitj decreases more rapidly in a metal the lower its 
point of fusion. Iron and steel are exceptions to this rule. In alloys 
the variation is always less than in their constituents, and this is especi- 
ally the case with German sDyer. — SUUman'g Journal, 



MECHANICAL AND ELECTRICAL TESTS OF AMEHIOAN 
IRON WIRE. 



The following table contains a summary of the results of a series of 
mechanical and electrical tests recently made upon four samples of gal- 
vanised wire of American manufacture, the sizes being among those com- 
monly used in telegraphic construction. 





Uechanicu. 


^„.„... 














1 
















1 


1 
i 
1 


1 

1 


s. 

1 


.5 

I 

■s 


In 

5| 


P 


1 


1 

1 


1 


6 
1 


^1 


|3 
■J 3 


161 


282-8 


JS!"" 


10 


Sl=- 


21-9 


lfi-1 


146 


387-B 


'»^' 


16 


Kl» 


31-6 


IG-l 


AH 


293-5 


llSl""" 


IG 


gjjK 


161 


22-7 


443 


378-1 


1630^^3^ 


10 


il" 


16-6 


161 



TESTS OP AMEEICAN IRON WIRE. 115 

The above results seem to point to one very interesting as well as im- 
portant fact, viz., the close relation existing between the tensile strength 
• and the electrical resistance of iron wire. It will be observed that the 
first three samples tested are of nearly the same gauge or weight per 
mile, the size being that usually designated as No. 9^. The tensile 
strength or breaking strain of the third sample is some 50 per cent, 
greater than that of the first two, while its specific electrical resistance is 
also comparatively very high. The proportionate tensile strength of the 
last two samples is very nearly equal, and so also is their proportionate 
conductivity, as compared with^ure copper, as shown in the sixth column 
of the table. There seems to be no apparent relation existing between 
the conductivity or tensile strength of the several wires, and the per- 
centage of elongation, or the number of twists that a given length will 
sustain before breaking. 

The high conductivity of the first two samples is very remarkable. 
The conductivity of iron is generally assumed by the best authorities to 
be one-seventh that of pure copper, or about the same as that of the third 
sample, but it will be observed that the first two samples have a conduc- 
tiTity averaging nearly 22 per cent, that of pure copper. Thus the first 
samples (No. 9 J), weighing but 282'8 lbs. per mile, actually has as much 
conducting power, mile for mile, as the fourth sample (No. 8), weighing 
378'1 lbs. per mile. 

The following table includes the first, and gives the result of several 
other samples of wire :— 
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^^H-Ihirty-tlurd Ordinary General Meeting was hold on Wednos- 
^^m'iRy, the lOtb March, 1875, Mr. Latimer Clark, President, 

^^Hne President said he had to report progress with reference 

^^Hie Ronalds' Library. lie was happy to say that the trust deed 

I W Iteen prepared by the Honorary Solicitor, and had been 

Iiandsoniely eugi-ossed, and was ready to receive tlie signatures. 

Tlie books would be brought from Battle to the Society's Library 

va the following Friday. 

'file following communication, from Mr. Ediaon of New York, 
wss read. 

UN THE IMPERFECT CONTACTS WHICH OCCUR IN 

SIGNALLING WITH RIGID CONTACT-POINTS. 

By T. A. Edison. 

In a paper by Mr. Latimer Clark describing some experiments 
on the retardation of signals in submarine cables, printed in the 
l(e|iort of the Submarine Telegraph Committee, a strip of Bain 
■f'tuical paper is shown upon which is recorded the return static ■ 
li'irge from a long circuit fonned of buried wires. 
On this strip the record, instead of commencijig strong and 
gradually weakening until invisible, shows a distinct break in its 
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continuity in the first portion of it, as in fig. Ij and this break was 
observed in all the experiments of this character which he made. 

This same phenomenon was obser>'ed by myself in some experi- 
ments with an artificial cable formed of resistances and condensers, 
and puzzled me for some time, until the cause was traced to the 
apparatus employed. 

The key which I used for charging and discharging the cable 
was an prdinary one, with fi'ont and back contact-point ; the former 
was connected to the battery ; the latter with the recording-point 
of the Bain instrument, while the lever was connected to the 
cable. 

When the key lever was depressed the cable was charged by 
contact with the battery ; if the key was then allowed to rise the 
cable was put in connection with the Bain instrument through the 
back point, and the return charge recorded. 

With an iron stylus resting upon ordinary prussiate of potash 

« 

paper the record was the same a» that of Mr. Clark, shown in 
fig. 1 ; but when mechanical tailing or elongation of the mark 
was prevented by using a lead point, and paper moistened in a 
solution of pyrogallic acid and nitrate of ammonia, the record was 
that shown in fig. 2. 



Fig. 1. 

Fig. 2. 

Fig. 3. 
Fig. 4. 



If more play was given the lever of the key the break was 
longer, with indications of a second break (fig. 3) ; by increasing 
the play the second break is made distinct, as in fig. 4. If the 
Bain instrument is shunted to decrease the volume of the current, 
^ and nearly dry paper used, several distinct breaks are observable ; 
but when the lever of the key is firmly grasped and brought slowly 
in contact with the back point these breaks did not occur, showing 
that they are due to the rebound of the lever fi:om the rigid con- 



4 

1 



i875.] IN SIGNALLING WITH RIGID CONTACT-POINTS. 119 

tact-points when brought forcibly against them. A flat spring, 
adjusted in such a manner as thnt it would follow the lever up for 
some distance when rebounding, entirely prevented these breaks. 

It follows from this that a Morse dash sent with an ordinary key 
is not one unbroken wave, but a series of waves, and that the 
minute breaks which occur, although not perceptible on ordinary 
relays, cause to be set up in the bobbins of the electro-magnet 
several inductive currents, which tend to prevent the instantaneous 
magnetization of its cores. The tongue of a polarised relay in 
closing a local circuit rebounds in the same manner and gives these 
breaks. It might at first thought be supposed that the pressure of 
the hand upon a key-lever would prevent its rebound, but on the 
contrary the greater the force and pressure used the greater will 
be the rebound, upon the same principle that it is almost if not 
impossible to bring a hammer down upon an anvil without several 
rebounds. 

Newark, N. Y., U.S.A. 



The President brought before the notice of the meeting a lamp, 
which was made in Paris, and had been brought by Mr. W. H. 
Preece. It was provided with a small battery, which, upon pressing 
a spring at the top heated a small coil of platinum wire, by which 
a wick, supplied with benzine, was ignited and would continue to 
bum so long as the benzine lasted. It was, he said, a very con- 
venient lamp for smokers, and as such he recommended it to their 
notice. It was called the Patent Electric Tinder-box, or Catalyptic 
Lamp Lighter. 



The following Paper was then read : — 
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BATTERIES, AND THEIR EMPLOYMENT IN 

TELEGRAPHY. 

By James Sivewbight, M.A., Superintendent, Post Office 

Telegraphs. 

Amongst the many valuable papers which have been read and 
discussed before the Society, I cannot find that one has been 
devoted to the general subject of the Battery. This fact has in- 
duced me to come forward this evening and bring before you 
a question which, no matter how it is viewed, whether in a 
theoretical or practical light, cannot fail to be regarded as one of 
the highest importance to us. 

The contents of my paper must, however, be so well known to 
almost every one of you, that I should at the outset apologise for 
bringing them forward at all did I not hope that they will give rise 
to a discussion which a subject in itself so intrinsically interesting 
as this can hardly fail to evoke ; and that the light of the large and 
varied experiences of many of you may be shed upon the younger 
members of the Society who cannot boast of such. 

Into the history of the galvanic or voltaic cell I do not propose 
to enter : from its birth up to the present day two different metals 
with one or two liquids have, almost without exception, been em- 
ployed. No sooner, however, was it brought to light than two 
conflicting theories were advanced as to its action, and these re- 
tained possession of the field up to a comparatively recent date. 

Volta, in disputing Galvani's opinion thq,t the convulsions of his 
frog's legs were due to animal electricity, first advanced in 1792 
the contact theory. 

Briefly stated it was this : not only the origin of the action 
observed in the cell, but the continuation of it as well, is due to the 
contact of two dissimilar metals ; the mere bringing of these into 
contact begets and sustains a force which is the sole cause of all the 
energy that is displayed. Volta, and those who afterwards supported 
him in this view, were ignorant of dynamics. The grand principle 
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of the Conservation of Energy — the truth of which has now been 
universally established, but wliich is in direct opposition to this 
theory — was to them unknown. They were unable to recognise the 
fact that the quantity of energy in the universe is constant, that to 
create de novo the smallest fraction of it is as far beyond the power 
of man as to add one grain of matter to that which is already in 
existence. All he can do is to alter the form of energy, but in 
whatever shape it appears it must be recognised as the equivalent 
of some pre-existing form, which, Proteus-like, is merely driven to 
assume an altered appearance. And thus to produce electricity . 
there must be a transmutation of energy from some other form, 
no matter what that form may be — motion, magnetism, heat, or 
chemism. 

In the same year as Volta's ideas were pubUshed, Fabroni sug- 
gested that chemical action might be one of the causes at work. 
This gave rise to the chemical theory, which, in direct contradiction 
to the contact theory, asserted that the metals, per se^ had no power 
whatever either of originating or sustaining a current, but that 
the phenomena were entirely the result of chemism, and propor- 
tional to the chemical action which took place in the cell. Faraday, 
with whose name this theory must ever be associated, performed a 
series of experiments w^hich were not unworthy of Aim, and which, 
with the apparatus he had at his command, incontestably proved 
that the view taken by the supporters of the chemical theory was 
correct. I need but refer to that beautiful experiment of his with 
the platinum and iron plates immersed in the sulphide of potassium, 
which is familiar to most of us, and which at the time carried con- 
viction with it as tp the truth of the chemical theory. 




Fig.l. 
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A and B (fig. 1) are two vessels, each containing a solution of 
the sulphide of potassium. This liquid, though a good conductor 
of electricity, is chemically inactive when associated with platinum 
and iron in a circuit. Two platinum plates, P and P'', are placed 
in A ; an iron plate F, and platinum plate P'^, are placed in B. 
A platinum wire p is attached to the platinum plate P', and an 
iron wire /to the iron plate F. In the wire connecting P and P'^ 
a galvanometer G is inserted. If the mere contact of p and / 
establishes a difference of potential, then all the conditions for a 
current being present some indication of it would be obtained on 
G. Faraday found that this was not the case, for the galvano- 
meter gave no evidence of the existence of a current. But on 
placing a piece of paper moistened with sulphuric acid between p 
and /he observed that a decided deflection on the galvanometer 
ensued. 

If, in the wire connecting the outside pair of platinum plates in 
this experiment, a Thomson's reflecting electrometer of our day had 
been inserted in place of the comparatively rough apparatus which 
Faraday then had to work with, there can be no question that that 
quick eye of his would have detected the fallacy which existed, and 
his keen intellect would not have rested until a more satisfactory solu- 
tion had been reached of a problem to which he devoted so much 
of his time and power — a problem which even to the present day, 
notwithstanding the many efforts which have been made, still waits 
for a satisfactory explanation. 

The latest theory which has been advanced goes a long way 
towards reconciling the conflicting opinions which were entertained 
by the supporters of the contact and chemical theories. For it 
allows to the former that the initial action is due to the simple con- 
tact of dissimilar bodies, and to the latter that this action can be 
maintained only by chemism. 

The fact is now unquestioned that the m^re contact of two 
dissimilar metals throws them into different electrical conditions — 
or in other words determines a difference of electric 'potential 
betwixt them. And not only is this the case with dissimilar 
metals; the contact of a. metal and a liquid produces the same 
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effect to a different degree, although, strange to Bay, if two dis- 
Bimilar metals are plunged into the aame liquid tJie phenomenon 
is not observed ; the metals and the liquid then appear to remain 
in precisely the same electrical condition. Whether this is 
actually the ease, or whether ti'om defective means of observation 
it only appears to be so, it is somewhat difficult to say, although 
it would seem that Sir William Thomson's experiment, first made 
iblic in Professor Fleeming Jeiikin's " Electricity and Mag- 
3 really coiiolusive on the point." 



H_ 



I 



Fig. 2. 



Over two half-discs (fig. 2) — ono of copper, C, the other of 
, Z, and placed symmetrioally with respect to them — a flat 
atrip of metal, or needle A, kept charged at a high potential 
from a source D, ia suspended. So long as tlie discs are in no 
'.'"ay connected with each other the needle remains at rest, 
Imt immediately thoy are brought together or united by a 
luiitallic wire the needle is deflected in a direction which varies 
sceording to the nature of the charge communicated to it. If 
ib diarge is reversed so also is the deflection. In place of by 
tlie metallic wire let the connection between the half-diaes be 
made by a drop of water ; the needle then returns to, and 
i ftmains at, rest, no matter what its charge may bo, positive or 

jmthough the two metals — copper and zinc let us say — and the 

tdd in an ordinary cell may all remain in tlie same condition, 

yet, if a copper wire be employed to connect the metals with each 

* Jenkin'a "Eiectricity and Magnotism," p. i5. 



other, then at its junction with the ziiic plate a difference of potential 
is Rt once determined, just aa if the two plates themselves had been 
brought together. Tlie zinc has tlie higher potential, that is, is i 
fjvely clecti'ified; the copper wire the lower potential, that if, is 
negatively electrified. There being little or no opposition to an 
equalisation of those conditions, there is an apparent transfer of 
electricity, or in other words a current sets in, and is mun- 
tained from the point of higher potential to the point of lowor 
potential. 

But in order to produce and keep up this current, which 
capable of doing work, there must be a consumption of 
equivalent amount of energy in some other form. 

In finding this equivalent lies the weak point of the old contact 
theory an well as of the modern theory- of tho action of the cell, 
The mere contact of tho two dissimilar metals throws them into 
different electrical conditions ; this is accompanied by work, 
or tlie power to do work. Yet, so far as we can judge at 
present, there has been no transmutation of energy in order 
produce this. 

Whether or not it may be duo to some re-arrangement in thq 
ultimate molecules of matter, — whether the power which is thug 
suddenly called into existence may or may not be the result of a 
clashing together of the atoms of the two metals when they an 
brought into contact, — it is impossible to say. Nor does it seem a 
though experiment could ever avail us much in these provinces 
the aid of that grand faculty, the scientific imagination, will in al 
likelihood have to be invoked in order to cap tho theory, and givB 
to it that conaiatency with modern research which at present it 
hardly be said to posaesa. 

The maintenance of the current is satisfactorily accounted for bj 
the chemical action which takes place in the cell, whereby ii 
decomposition of the liquid Iiydrogen is evolved, and the 
burnt uito an oxide. There is liere a transmutation of one form ol 
energy which reappears in another in the galvanic current. In 
fact, from the energy of the chemical action which takes place 
tho cell the strength of cuiTent produced can bo estimated. 
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In every battery, therefore, chemical action must take place, 
that is to say, one or titlier of the elements composing the liquid 
mnst possess the power of combining chemically witli one or 
other of the metals employed in it. And it is to this chemical 
action, which is indispensable, that the main defects to be met, 
with more or less in all forms of galvanic batteries are due. Zinc, 
which is almost invariably employed as the [positive element, is 
oxidised ; hydrogen aecurauJates on the negative element. But 
the mere contact of hydrogen and copper determines to the 
former a positive potential, and eanses it to behave in the same 
manner as tlie zinc, that is to say, a current is set up from 
the hydrogen on the copper plate through the Hquid in the reverse 
direction to the original current. Tlie resultant electromotive force 
i^ fjius weakened and rendered variable according as the hydrogen 
C'Tias and reeombines with the oxygen liberated by the secondary 
action. 

This galvanic polarisation, as it has been unfortunately named, 
is therefore the tirst evil to be surmounted in any batteiy which 
i-* |iut forward as fit for general practical use. To get rid of this 
iiiitagonistie electromotive force is, it is needless to remark, the 
main object of all the so-called constant batteries. 

iVnother evil to which it would be well to draw attention before 
]iroceeding to look at some of the forms of constant batteries is 
''u:u. which is known to us under the name of local action. This is 
ii:iiiily due to the impurities in the shape of foreign ingredients in 
If metals which are employed. Take for instance a zinc plate 
iinitaining small quantities of some other metal, let us say iron, 
:iiiil immerse it in a hquid ; all the conditions for a current and the 
promotion of galvanic action between these are present ; short 
circnita are tlierefore formed and needless waste ensues. 

There are three leading conditions which should be Mfilled by a 
perfect battery for actual every-day use : — 

lat. The cuiTent obtained from it should be constant. 
2iid. When the battery is not actually required there should 
be no action going on in it, attended by a needless con- 
sumption of material. 
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3rd. The iiiateriala emjiloyed in its construction and uiaintenJ 
ance should not be exjiejisive, or, at all events, should bfl 
as inexpensive a& possible, and thero should be no diGSfl 
culty or danger in handling them. I 

There are various other collateral points which vrill be touchea 
ujion, but these, I think, include the main conditions, which, if fhejfl 
wore only realised, would place us in possession of a perfecd 
battery. The importance attached to each is so self- evident, that iu 
is not necessary to dwell upon them. I 

Taking now some of the forms of batteries which are employed' 
throughout the world, let us inquire how far they come up to these 
conditions, and in what respects they fall short of tlieni. 

I shall commence with the Daniell, not more on account of the 
time-honoured position which it still occupies in England than 
from the fact that either in its original principle, or in one or other 
of its numerous modifications, it is that whi*^, with very few 
exceptions, is most generally employed in those countries where a 
system of telegraphy has been established. 

The essential feature of Daniell's battery is the employment of 
two liquids instead of one, separated from each other by a porous 
diaphragm. Surrounding the copper plate with a solution of 
sulphate of copper, he provided for the deposition of copper in 
place of the liberation of hydrogen upon it, and thereby eifectualJy 
got rid of galvanic poiaiifiation. The application of this principh 
to the battery employed in England for telegraphic purposes was^ 
I believe, first made by Mr. John Fuller ; the sulphate form of 
battery introduced by him replaced the defective sand -batteries 
made use of in the early days of telegraphy, and differed in no 
material respect from that wliich is hero exhibited. 

The sand-battery was tlie simple galvanic couple, zinc and 
copper, plimged into a solution of water acidulated with sulphuric 
acid in the proportion of twelve parts of the former to one of the 
latter. The addition of sand to this — the discovery in fact of the 
sand-battery — was, like so many other discoveries, the result of 
what is generally called accident, hut what Mr. Smiles would 
probably call " an opportunity improved by genius." Sir — theu 
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Mr. — William Fothergill Cooke, while testing some of the lines, had 
occasion, it is stated, to place the testing battery during its con- 
vejance from one station to another in a truck containing a quan- 
tity of sand. Some of the sand accidentally found its way into the 
battery. The working was, however, in no way interfered with, 
and from that day up to the introduction of the sulphate the sand- 
battery was the practical form of battery employed in England. 

Into a historical survey of the batteries, however, extremely inte- 
resting although the subject is, I cannot enter ; my object is rather 
to consider the points of advantage which may be claimed by those 
now in actual use, as well as the weaknesses which are incidental 
to or inseparable from them. 

The ordinary form of Daniel! which is now commonly employed 
is here shown. The trough shape is adopted for the simple reason 
that it can be easily handled, and a greater number of elements 
can be put into the same space in this way than in any other. 
Teak is employed in the construction, on account of its durability, 
and the little tendency which it exhibits to warp. The trough is 
divided by slate partitions into ten cells, and each of these is again 
subdivided by a plate of porous unglazed porcelain. Previous, 
however, to the insertion of the porcelain the trough is coated with 
marine glue, for the purpose of rendering it perfectly watertight, 
and at the same time providing against any leakage from one cell 
to another. Notwithstanding the precaution which is thus taken, 
the complaint of a " leaky cell " is one of the most common of the 
few faults that are to be found with the battery. This may be due 
either to the marine glue being of inferior quality — an occurrence 
which is by no means rare now that the commercial value of 
shellac, one of its constituents, has risen so much of late years — or 
to the process of heating the glue and coating the trough being 
imperfectly carried out. In many cases, for instance, the slates 
are inserted before the trough is glued ; the danger is thus incurred 
of leakage taking place between two adjacent cells by the liquid 
making its way round the edges of the slates and through the 
interstices between them and the trough. . Although longer time 
may be occupied in serving the trough with marine glue, previous 



battehibs. and thrir tioa K 

to tlio insiertion of tlio slates, and thoreby coating the grooves as well 
as the sidca with it, still the risk of leakage is considerably reduced,! 
and the comparative immunity from danger to the working of th»' 
battery owing to this cause fully compensates for the increased c 
of labour. The porous partitions are next inserted, and by canting' 
the trough from side to side once or twice they are similarly served 
along the edges and for a short distance up their surface with tha 
glue. The battery plates are then put in, crystals of sulphate of copper 
are placed in the copper cell, and water is filled in to both it and 
the zinc cell up to within a short distance of the fop of eaeh plate. ■ 

Passing by any inquiry info what the size of the battery-plate* 
should be, it is worthy of remark that the results obtained from tho. 
use of zincs cast in a closed mould — a practice which is now I 
ning to prevail more widely than formerly — are more satisfactory> 
tlian those derived from the employment of zincs cast in an opett 
mould. The compactness aud comparative homogeneity of aur&CQ 
which the former present argue directly in iavour of the closed 
mould ; the plates east in it are more evenly consumed, and muB| 
thus contribute to the constancy of the battery. 

Constancy ia the main feature of Daniell's battery ; in tins respei^ 
it has never been surpassed by any of its rivals, and answers mort 
fully than any other the first condition of a good practical battery 
for telegraph work. 

But in the second condition it falls far short of the ideal battery) 
the enormous waste of material which takes place, owing to the twd 
liquids, in virtue of the property of osmose, steadily diflusing into 
each other, is the main drawback to the Daniell. The chemical 
action which is constantly going on is out of all proportion to th( 
amount of real work dono, and only in eases where an inceseanj 
demand is made upon the battery can even an approach to the fill 
amount of the energy which is displayed be utilised, 

Various efforts have been made to reduce this action as far i 
possible, hut it is inherent to every battery in which two liqnidl 
varying ui specific gravity are employed ; and it must therefore b 
looked for to a greater or less extent in all of tliem. It has bcoi 
I tliat tlie porous partitions migiit be made thicker ; thii 
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would no doubt impede to some extent the mixture of the two 
liquids, but it brings at the same time increased resistance, and 
beyond a certain limit introduces a greater defect, into the battery 
than that which it is intended to remedy. 

ConiSicting opinions are entertained as to the effect which the 
current exercises upon this osmotic action. Mr. Oulley says, 
'^ The liquid passes through the porous cell from the zinc to the 
copper in virtue of a singular property common to all porous sub- 
stances when dividing dissimilar liquids, called ^ osmose,' and it 
will frequently rise in the copper cell an inch or more above tlie 
level. The current aids this movement."* 

Mr. Sabine, on the other hand, states that the destruction of the 
element from the diffusion of the two liquids " takes place faster 
during the time the circuit is open than when it is closed.'*! -A.nd 
in The Electrician the same opinion is expressed in one of a series 
of articles upon " The Electric and International Telegraph Com- 
pany," by a writer who goes a step farther, and in speaking of 
closed circuits says : "In this system, when the line is not employed 
in transmission, a continuous current from the battery is allowed to 
pass, permanently deflecting the galvanometers at all stations. 
When a message is to be transmitted from any station, the 
operator at this point interrupts the current along the wire, or 
breaks the circuit by moving a small brass lever attached to the 
key, and immediately all the galvanometers along the line return 
to zero. * * * * It might be supposed that the continuous 
action of the battery would be attended with a great expenditure 
of materiaL This, however, does not appear to be the case ; the 
increased consumption of zinc in the production of voltaic effect 
being compensated in a great degree by the diminution of exosmosis 
of the copper solution in the porous vessel of the battery cell while 
the battery is in action, the escape of this solution and its action 
upon the zinc element being a source of waste, which in practice 
is greater than the legitimate wear and tear of the battery." J 

♦ CuUey's Practical Telegraphy ^ 6th edition, p. 16, sec. 41. 
t Sabine's EUctric Telegraph (1867), pp. 223, 224. 
X The Electrician^ vol. i. No. 14, Feb. Tth, 1862. 
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In the event of the closed circuit ever being to any extent a^in 
introduced into England, this becomes a point of vital import- 
ance, for one of the main arguments urged against its adoption 
is the waste of battery power which would necessarily ensue on 
many circuits. If, however, the consumption of material in 
Daniell's battery is actually less when tlie circuit is closed than 
when it is open, here is a direct argument in favour of its 
introduction. In America this system is generally employed, 
and the diflSculties which are there encountered in the matter of 
adjustment — so fruitful a source of trouble in the single current 
working with several instruments in an open circuit — are, it is stated, 
so slight, as practically to afford little or no inconvenience. 

As regards the third condition, cheapness in construction and 
maintenance, combined with ease in handling, this form of DanielPs 
battery may be said to hold its ovm; a ten-cell costs IZ. I5., and 
the average cost of the materials consumed in it per annum may be 
set down at Ss. 

The most dangerous rival which Daniell's battery has ever 
had to contend with is that invented by M. Leclanche, of the 
Great Eastern Railway of France. 

It has been tried in England for five years or more, and since its 
introduction has to a great extent ousted the Daniell and the other 
forms of two-fluid batteries in use at the time from the position 
which they then held ; in fact, except the Daniell, I am not aware 
that there is one now left to compete with it Leclanche's battery 
is a one-fluid battery. From a consideration of the unnecessary 
waste of materials which takes place in all the two-fluid batteries, 
and in none perhaps more than in the Daniell, Leclanche was led to 
seek for a battery in which the chemical action would be perfectly 
equivalent to the work done. This he hoped to have found by 
using the peroxide of manganese in presence of ammoniacal salts. 
Zinc immersed in a solution of chloride of ammonium — ^the ordinary 
saUammoyiiac of commerce — is the positive element. Peroxide 
of manganese was adopted as the negative element ; the readiness 
with which it yields up a portion of its oxygen when brought into 
contact with combustible bodies renders it very suitable for this ; in 
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tlie form known as needled manganese it is mixed with an equnl 
volume of crushed horn carbon : into a porous pot containing this 
mixture a plate of carbon is placed and made to play the part of a 
collecting plato for the electricity wliich is generated ; the connecting 
wire of iron is lot into the zinc, and attached by means of a brass- 
binding screw to the lead cap which is fitted on to the carbon 
plate. 

As soon as the circuit is completed ehloriue (CI) is liberated at 
the positive plat«, and forms with it chloride of zinc (Zn Clj), an 
extremely soluble salt ; the radical "ammonium (N H^) is readily 
burnt, tlie products of combustion being water (Hj 0) and the free 
ammoniacal gas (N Hg). The action which takes place in the cell 
may be symbolically represented thus : — 

Before contact— Zn, 2{NH^ Ct), 2tMnOj), C. 
After contact— Zn CI3, 2NH3, E3O, MujOj, C. 

Looking at this, nothing could be considered more simple ; the 
action Is to all appearance theoretically perfect, and the many defects 
of previous batteries would appear to be banished from that now 
before us. Experience and practice have demonstrated that this is 
not so ; but have shown on the contrary that LeclniithL-'s battery, 
although far superior to all the other single-fluid batteries that 
have ever been ti'ied, yet labours under some at least of the dis- 
advantages to which they ai-e subject. So long as nothing but the 
action which is indicated above takes place, so long is the working 
of the battery all that can be desired. But secondary actions soon 
begin to show themselves if a continued strain is kept upon it. 
Galvanic polarisation ensues, and the internal resistance of the 
battery rises until from both these causes its constancy is seriously 
impwred. This at least seems to be the only explanation which can 
be put forward for tlie facts, which are now generally acknow- 
ledged, that Leclanche's battery cannot be rehed upon for the 
maintenance of a constant current ; that it is not adapted for a 
local ; and that on a very busy circuit it cannot be depended upon. 
Galvanic polarisation would arise from the " turbulent " liydrdgcn, 
ta Leclanch^ has well named it, accumulating on the negative 
plate, ita presence there being in all pi'obabiiity due to the same 
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cause as on the carbon in the Marie Davy. The ammonium 
(NHJ, breaking up into ammonia (NH3) and hydrogen (H), may be 
liberated in too large quantities for even such an oxidising agent 
as peroxide of manganese (MnOg) to be able to effectually get rid 
of the latter : whether this difficulty might not to some extent be 
overcome by increasing the quantity of peroxide of manganese, or 
what effect this would have upon the action of the battery, I cannot 
say. 

The internal resistance of the cell varies from the formation of 
the double salts, oxychloride of zinc and zinc-ammonic chloride ; 
longer time and a more concentrated solution of sal-ammoniac are 
required to dissolve these than in the case of the simple chloride 
of zinc. It is for this reason that Leclanch^ recommends the use 
of a " strong saline solution " in the zinc cell. "When the battery 
is allowed breathing space, so to speak, and is permitted to rest for 
a short time, the hydrogen, and with it galvanic polarisation, dis- 
appear ; the double salts are dissolved ; and the battery regains its 
original strength with wonderful rapidity. 

This want of constancy's the great defect of Leclanche's battery 
for general use, and in this respect it cannot for a moment stand in 
comparison with Daniell's; but as regards the second condition, 
which it was suggested that a practical battery should fulfil, the 
Leclanche battery seems to leave nothing to be desired. With 
the single fluid no osmotic action can take place, and when the 
battery is at rest we had almost said that it actually is at rest. 
Still this statement cannot be made without some reservation ; for, 
although no consumption of materials may be needlessly taking 
place as in the Daniell from a diffusion of the liquids, still in 
Leclanche's battery an action is going on which in addition to 
destroying some portion of the cell lays the foundation for indif- 
ferent working, and may ultimately end in a total breakdown. I 
allude to the local action observable in the first forms of the cell at 
the point where the brass screw, iron wire, and lead cap are united 
together, as well as to the formation of the cloride of lead (Pb CI3) 
where the carbon and lead come into contact with each other. Two 
different metals, without the presence of an alloy, would have been 



sufficient to account for tlio action which takes place at the con- 
necting screw. To get rid of the disconnections occasionally caused 
by the raetallic salts which are formed at this point, the iron wire ia 
now often welded into or soldered on to the lead cap. This method 
is BO far successful in effecting the object which it had in view, but 
no plan has yet been devised which will prevent the formation of 
the chloride of lead. 

Instead of the brass screw being screwed into the lead cap, the 
screw is sometimes welded into the cap, and the connecting wire 
alHxed to it by means of a brass nut. This latter plan seems to 
answer very well and is certainly superior to the former, where, 
aftei' the screw has been several times removed from the lead, the 
hole into which it is fitted becomes too Irirge to admit of any catch 
being made upon it. 

Tlie lead cap may be fitted as closely as it possibly can be on to 
tlic carbon, and the precaution may be taken of dipping it after- 
^vards into melted paraffin until the paraffin makes its way for 
some distance beyond the lead ; still the peculiar action evidenced 
by the white cWoride of lead sooner or later makes its appearance 
and necessitates the removal of the pot. 

The corrosion of the iron connecting wires by the fumes of free 
nniinoniH given off in the action of the battery was a source of com- 
|)laint for some time, but it has been suecessfully met by carefully 
covering the iron witli some mioxidisable material, Chatterton'a 
c'<jmj)0und, india-rubber, gutta-percha, tar, paint, or grease. 

The glass jar, from its liabiUty to fracture, is an objectionable 
feature in the mechanism of the battery; this, however, is purely a 
mechanical defect, if, in fact, so strong a term can be applied to it, 
:itid can, if required, be easily surmounted. 

But the main source of trouble and expense in the maintenance 

■ i( Leclancht5's battery is the porous pots — the peeling and bursting 

■ f these seem to be unavoidable ; the formidable array which I have 
'■'illected during die last ten days or a fortnight, and wliich is 
uiw before you, is an indication tliat "something is wrong aome- 
"herc." Before endeavouring to fix the responsibility for the 
i<i'i;akage of these let us uiquire to what it can be attributed. 

. VOL. rv. K 



131 



ba: 



Wo have seeii that in tlie action of the battery the chloride of zingfl 
an oxtri3meIy soluble salt, is formed : that oxychlorides and zinc-amw 
monic chloridea, al^o soluble, but still to a less extent, are likewiaH 
formed. In the liquid holding these aud sal-ammoniac in solutio^| 
the porous pot Etauds aud la gi'adually permeated by it. Throu^^fl 
the pores of the earthenware the liquid makes its way. The doubln 
saltfl, being now to some extent freed from the grasp of the coitfl 
centrated solution of sal-ammoniac, exhibit an irresistible tendenojfl 
to return back to the solid form, and in doing so they crack thM 
pot in a manner exactly analogous to the bnrating of water-pipea 
during a frost. Many of these porous pota when broken up show 
a casing of salt around the manganese compound resembling a. t.liip 
sheet of ice ; subjected to a chemical test, this proved to be a doable 
chloride of ammonium and zinc, and was in fact exactly the same 
salt as that scraped off the zincs of a battery that had been working 
for some time on a moderately busy circuit. 

It ia evident, also, that the cracking of the porous pota may be, to 
a certain extent, due to tho evaporation of the liquid ; the salt pre- 
viously held in solution, no matter whether sal-ammoniac or any 
of the chlorides, will pass into the solid form, and possibly do some 
damage to the porous earthenware. But the danger to be anti- 
cipated or actually arising from this cause is but slight compared 
with that V7hich is occasioned by the formation of the double salts ; 
could their presence be eifectually got rid of, Leclanche's battery 
might be employed to a far greater extent than now, and not only 
would there be less fear of its giving out at some critical moment 
bat the cost of mainteuance, even in its extended application, would 
be largely reduced. 

The introduction of tho trough-form of Leclanche's battery, 
similar in appearance to the ordinary sulphate ti'ough, was intended 
to got rid of the defects which have been aUudod to in the earher 
issue, and t^ some extent it has succeeded m accomplishing the objee 
which it had in view. The abohtiou of the glass jars entirely i 
one point in its favour ; another is the small length of connecting 
wire which is now rendered necessary ; with it there is less liabiliM 
than with a longer length of any interruptions being caused by i 
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wire being con'oded. The poi-otis partitions are likewise profcrablo 
to the pots ; they are not burst by the solidification of any liquid 
uoming from tlie zinc into the carbon cell. But the peeling or 
flaking prevails in this as much as in the pots, and soema to bo in- 
herent to the principle of the battery. I have brought hero to-night 
a Leeiancbc trough, and it is interesting to note the condition in 
which the partitions are: from being 3-16ths of an inch in thick- 
ness they have crumbled away to such an extent that in some places 
there is not more than a mere skin left. This battery was joined up 
with two others upon the 12th of May, 1874, to work a moderately 
busy printing circuit, offering a resistance of 2, 700 ohms; they gave 
every satisfaction. On the 14th of August — that is, three months 
after — a little water was added to the zinc cells, and two of them 
were joined up as line batteries on a sounder circuit, giving a resist- 
iiiice of 1,900 ohms. The third — that which is now before me — was 
kept spai'e, ready cbai'ged, however, all the time. On tlie 26th of 
November, after being well refreshed witli sal-ammoniac and water, 
it was tried as a " local" to work a fairly busy sounder ; the resist- 
ance of the circuit was 21 ohms. It commenced splendidly, and com- 
pletely threw into the shade sulphate batteries of the chamber form, 
which were working three other sounders on the same bench ; but 
on the 9th of January, during the receipt of a batch of five or six 
messages, it failed ; the receiving clerk began to complain of losing 
dots after he had taken off the first three, and the battery, on being 
tested for quantity, almost refused to shake the needle of the de- 
tector. Gradually it improved, when left to itself, without anything 
whatever being done, and was tried on another local circuit, offer- 
ing the same resistance, but with comparatively little traffic passing 
:iIoug it. Here the batteiydid all that was required of it up to the 
-jid of February, when, upon examination, the porous partitions were 
I iimd to be peeling away. It was then removed, refreshed with 
Ill-ammoniac, part of the zinc solution drawn off and replaced 
V ivaler, and on the 9tli of February it was again trieil on the 
ri^inal local circuit. On the 23rd of February it failed a second 
line in exactly the same way jia before — during tlie receipt of a 
K 2 
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batch of messages. On being removed, and the liquid withdrawn, 
it was found to be in its present condition. 

But others which were supplied at the same time as this (in- 
cluding the two which worked along with it) and were joined up, 
some on single needle circuits, others on moderately busy printing 
circuits, have given every satisfaction ; beyond the scraping of the 
zinc, the removal of the liquid from the carbon cell, and the re- 
placement of a portion of that in the zinc cell by pure water from 
time to time — certainly not oftener than once in three months — 
nothing whatever has been done to them, and when examined 
yesterday they showed no indication of giving out, but, on the 
contrary, appeared to be in as good condition as on the day when 
they were first joined up. Upon such circuits as these, where the 
traffic is not very heavy, as well as for the ringing of bells, whether 
for signalling or domestic purposes, Leclanche's battery is without 
a rival, and for purposes of this nature it may be said to have 
fairly driven the ordinary sulphate from oflF the field. In fact, so 
well is work of this kind performed by the Leclanch^, that it is 
impossible to speak too highly of the manner in which it is done, 
and we cannot but regret that the battery in its present form is 
not adapted for universal employment in telegraphy. 

In point of expense Leclanche's battery contrasts favourably 
with any other form of battery that has ever been in general use. 
For although at first sight the prime cost may appear in excess of 
the Daniell — an 8-cell Leclanche costing 365. — still it must be 
borne in mind that the strength of the current obtained from the 
former is far in excess of that from the latter. Leclanche himself 
states that " in practice 40 Daniells are replaced by 28 of mine;" 
but he is if anything below the mark. In the case of the trough 
form of .Leclanche's battery already referred to, 16 cells are now 
employed to do the work of 30 of the ordinary sulphate cells, and 
they have done it equally well. The prime cost of both may 
therefore be set down as about the same. As regards maintenance, 
the Leclanche, where it can safely be employed, is cheaper in 
every respect, for not only is the quantity as well as the cost of 



materials oousumcd in it far loss, but tlie labour attendant upon its 
refreshing and renewal is not so great an in the Daniel]. The 
liiaterials wliich the linoman has to carry — now that he is freed 
I'rom the danger of meeting with broken glass jars or cracked 
porous pots — and the time occupied by him ai'Q for the trough 
Leclanoh6 far below the demands which, under similar circum- 
stances, would bo made upon him by the trough Daniell. 

Before quitting the subject of Leclanch^'s batterj', it may be 
well to mention that efforts have been made in various quarters to 
eii^Ioy common salt In place of sal-ammnniacj but none, so far as 
I can learn, has ever been attended with success. Leclanche him 
m-lf tried some of the sodium salts, but the results wliich he obtained 
were such as to discourage him from persevering with them. The 
sodium which is fi-eed, taking up oxygen at once from the water, 
forms soda ; the hydrogen is unconsumed by the peroxide of man- 
L::inese, from the fact, according to Leclanche, that free hydrogen 
larly so combustible as ammonium in the presence of 
iside of manganese _: the consequence is, of course, galvanic 
'isation with its attendant evils. 

le large cells on the table formed a portion of the elements of 
a 10-cell battery charged with common salt, in place of sal- 
ammoniac, which was joined up on the 18th of last Juno to work a 
single needle circuit otFering a resistance of 1,940 ohms. At the 
close of two months half the liquid was drawn off and replaced by 
water. It was put back, but at the end of three weeks the com- 
filaint of weak signals began to be heard, and tlie salt-battery had 
10 be removed. It was then tried by itself on a minor single needle 
t'ireuit having a resistance of 954 ohms, on which very little work 
was done, and in anything but fine weather it proved itself unequal 
even to tliia. It was, therefore, discarded fropi actual working ; 
and although several efforts were made from time tn time, by 
cleaning the zincs — which, it was observed, got rapidly blackened 
—and adding fresh salt, to get the porous pots to work, they 
persistently refused to do anything more than give just a sensible 
shake on a lineman "-s inodorately-seiisitive detector. 

To get rid of the inconvenience of the porous partition in Daniell's 
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battery ndvantago was taken of the difference in t.lie specific gravitieJ 
of the two solutions in the eulphate battery, and a battery wtn 
thus introduced which relied npon tlie force of gravity alone to ke^H 
them apart M 

The germ of this idea may be eeon in Fuller's battery; Mrffl 
Cromwell Varley was the first who patented it. M 

The "gravity" form of Daniell's battery is but little employed iu 
England now, although, in one of its many modifications, it isl 
in general use in India, in America, and on the Continent. Th^M 
perfect rest essential for its proper working, so as to prevent tb« 
mixture of the two solutions when separated by gravity alone, ledl 
to its being abandoned for all except testing purposes. M 

In India the Minotti is all hut universally used ; the mode ofl 
setting it up, as well as its treatment tliere, have been ali'eady es-J 
plained to the members of the Soeie^ by Mr. Ayrton, in his paper! 
npon *' Tlie Indian Telegraphs." Combined with most of the points 
that may be urged in favour of the ordinary form of sulphate bat- 
tery, the Minotti possesses the additional advantage of being port- 
able from place to place, without the necessity of removing any of 
the liquid employed in it. For this reason it is adopted by the 
Postal Telegi'aph Department in the travelling vans, whose appear- 
ance at many of the special gatherings is familiar to most of 
us. To no more crucial test, setting aside for the moment the 
question of cost, could a battery intended for universal use in 
telegraphy be subjected than when joined up on one of the cir- 
■ cuits worked in connection with these. The Minotti has passed j 
through this ordeal to tho satisfaction of every one, and nevera^ 
failed to answer tho incessant demands which were made upon il^ 
whether for single current working, double cun-ent working, lin^ 
or local. 

The objection which has been urged against its being more widelJ 
employed in place of the ordinary form of sulphate battery, is ti 
increased cost of its maintenance ; statistics in support of this objeoJ 
tion I am not in a position to give. 

Grove's form of constant battery consists of a. plato of platinum il 
concfflitruted nitric acid as the negative element, and a plato of xim 



in dilate siilpliurie acicl as the jjositive clement. Qalvanio polarisa- 
tion is here preventeil by the liydrugen being burnt into water by 
tie nitric acid ; tlie latter is in time entirely reduced, and nitric 
oxide is given off, which, immediately on coming juto contact witb 
the air, combines with oxygen and forms tJie poiaonons red fiimeB of 
t!ie tetroxide of nitrogen. Great electromotive force ia obtained from 
the combination employed in Grove's battery; its internal resistance 
:w is very low, and consequently tlie current from it is far in excess of 
lliat from Daniell'a battery. For exjjcrimcntal purposes, the battery 
is all but invaluable ; for general practical working it is altogether 
nnsuited, ajid was never, so far as I can find out, intended for 
Boeh. It possesses none of the qualifications which such a battery 
should possess. The current obtained ia not constant for any length 
of time ; there is a needless waste of material on account of tlie 
vigorous chemical action which is constantly going on : the materials 
employed are not only intrinsically dear, but they are difficult to 
handle ; and the expense of attending to tie battery, apart from the 
actoal coat of these, is very great ; for it requires constant looking 
to, and every night, when not required for active service, it has to 
be taken to pieces. 

Yet notwithstanding all this, Grove's battery was until quite 
recently employed to a great extent in America. There the circuits 
sre largely worked on the so-called " Universal Battery " principle, 
that is to say, several of them ai-e served by the same set of bat- 
teries, and the heavy wires of the Western Union Company leading 
from the principal cities were in this way worked by Grove's 
floments. 

The carbon, or as it was also termed the electropoion, battery 
w:\it similarly employed in America for some time. It resembled 
I'lmsen's battery, in having carbon or coke as the negative plate, 
!'at differed from it in having in place of concentrated nitric acid 
.1 solution of the bichromate of potash. This solution was made as 
i'lIJows : Three gallons of water were mixed with one of sulphuric 
-H'id. In a separate vessel 5tbs. of the bichromate of potash were 
-iilved in two gallons of boiling water. These two were then 
I >rouglily mi^ed, and the resulting solution, in which heat waa 
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developed by reason of tlio chemical action tlmt took place, wa 
allowed to cool previous to being used. When tliis battery was a 
work a third of the bichromate solution had to be removed an 
replaced by a fresh snpply every morning ; theamalgamatjonof tlU 
zincs, a point of vital importance in both this and Grove's battary 
had constantly to be seen to ; and at the end of a fortnight eveiy cd 
had to be taten to pieces, the zincs brnshed, the carbons soaked i 
clean water, and the sulphuric acid solution renewed. 

This, although an expensive battery, had the advantage of cheap 
neaa both in materiaJs and attendance over Grove's form, tlie rel» 
tive cost of the fonner being less than one-third that of the latter. 

Both have now had their day, so fai- as general practJcA 
working for telegi-apbic purposes goes, and will in all probability 
be speedily numbered amongst the experiences of the past. Tbg 
wonder really is, how in the face of the other forms of batteries 
they could ever have stood their ground so long and so well t 
they have done. 

They are fast making way for one or other of the many forma t 
Daniell's battery, which maiuly owe their separate existences to th 
indomitable perseverance in patenting which characterises th 
Transatlantic Telegraph Engineers. Time does not admit of m 
doing more than making a brief allusion to one or two of th 
numerous modifications of the sulphate battery wliich have bee 
tried there — the HOI, the Lockwood, the Baltimore batterj-, tli 
Callaud, &a. 

The last named, the Callaud, introduced in France by Monj 
Callaud, appears to be that which is now coming into most esten 
sive use in America. It is a gravity battery pure and simple 
The copper plate is placed at the bottom of the cell, in some in tb 
form of a flat plate, in others with the corners turned down, i 
serve as legs and keep it slightly raisetl above the bottom of tl 
jar, whilst occasionally a coil of copper wire is employed. Th 
zinc has likewise more than one form. Sometimes it is ! 
shaped ; at other times it is a perforated plate ; and not unire 
quently it is couicatly shaped on the lower surface, so as to preven 
the bubbles of gas from adhering to it. Callaud proposed to i 



the internal resistance of liig cell by providinc; ftir the lowering or 
raising of the zinc plate at will. Experience has pronounced this 
method to be entirely useless, and from the loosening of the binding 
screws, accompanied by the consequent dropping of the zincs, to 
be actually a detriment instead of an advantage to the battery. 

The Callaud has all the disadvantages of the gra^-ity battery ; 
complete rest is essential for its efficient working. The treatment 
ia simple enough, and the mixture of the two solutiona, whilst that 
around the copper plate is preserved at the required strength, is 
the main point to be guarded against. 

Mr. Haskins, of the North Western Telegraph Company of 
America, writing to the American Journal of the Telegrapli, on the 
t6th of September, 1873, gives as the result of his experience 
the following rules for the treatment of Oallaud's battery : — 

*' Drop a piece of vitriol of the size of a walnut into each jar 
when it is set up. Let this dissolve, then add small crystals, until . 
tiie blue solution is (say) two inches high from the bottom of tiie 
jar. Instruct your battery-man to add the crystals daily, keeping 
the solution as near as possible at the above height. Wipe tlie 
outside of the jar, and the inside, above the fluid, daily, to remove 
the salt of zinc that may be deposited there by evaporation. 
When the sulphate of zinc solution becomes syrupy, like strained 
honey, or begins to deposit crystals on the zinc disc, draw off half 
of it with a syphon made of twelve to eighteen inches of soft 
rubber tubing, and fill with fresh water. See that fresh water ia 
added, to replace that lost by evaporation." 

The introduction of a few drops of linseed oil, which covers the 
s'iSution with a fine iilm, is sometimes resorted to in order to pre- 
iLiit evaporation from taking place. He adds : — " If batteries are 
managed in this way they do not need cleansing or taking down. 
One battery working two wires was set up March 17, 1872, another 
with four fines July 1st, same year ; they are both Callaud's ; 
neither has been taken down, and they are still clean and working 
well." 

Mr. Jones, of the Western Union Company, writing to the same 
journal on the lat July, 1874, upon the subject of "Callaud 
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Batteries," says : " The cost per month for 600 Callaud cells, com- 
prising 3 batteries, working 10 circuits of an average resistance of 
5,000 ohms, is nearly 30 dollars, or 5 cents each ; and for 260 
local cells, which remain in closed circuit when not being opened 
by key use, the cost is about 14 cents per cell monthly." 
And again : *^ To place beyond doubt the feasibility of working 
several wires from a Callaud battery, I worked for seven days and 
nights fifteen important railroad and commercial circuits, varying 
in resistance from 4,000 to 11,000 ohms, fi^m 180 Callaud cells, 
with fine results. At the time the wires were first attached to the 
battery the sulphate of zinc solution stood at 13 degrees ; at the end 
of the seven days it stood at 15 degrees, without any addition of 
water. At night some of the circuits were reduced one-half in 
resistance by relays being cut out A prettier Callaud battery 
could not be found ; the sulphate of copper solution never rising 
over an inch from the copper plate, and as deep and handsome in 
colour as an Italian sky. The material consumed in seven days 
was 17 lbs. of zinc and 62 lbs. sulphate of copper, which, at market 
value, equals 9 dollars 20 cents. The cost of 180 Callaud cells 
working two circuits of about 6,000 ohms during the same space 
of time was about 2 dollars 30 cents. By working down a Callaud 
cell you accomplish just what is designed by the spiral wire in the 
Lockwood." 

These are no doubt valuable facts in support of this form of 
battery, but, when it is borne in mind that all this has been attained 
only as the result of daily attention on the part of the battery-man, 
they lose much of their significance, and, although I have not heard 
of the experiment ever having been tried, there can be no doubt 
that, were one of the ordinary form of batteries employed in Eng- 
land watched over with the same fostering care, it would be an 
exceedingly difficult matter indeed to assign a limit to the time that 
it would remain at work without being "taken down." This, 
however, for self-evident reasons, is aU but entirely out of the 
question in England, and, such being the case, the Callaud battery 
may be dismissed without further comment 

Beverting for a moment to the subject of closed circuits, it is 
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ffortbj of remark tliat tlie figures given by Mr. Jon«s as to tlic 
nilative cw>st of maintaining Calland's ceU on open and closed 
circuits do not support the idea that any advantage can be claimed 
for (he latter so far as the consumption of materials is concerned. 
The cost of each cell per month, when in open circuit, was 5 cents, 
when in closed circuit 14 cents. 

The featni-e of the Loekwood batterj-, so named from its inventor 
—the battery-keeper to the American District Telegi-aph Company 
in New York — is the arrangement of the copper element, and is so 
novel in its way that I liavo had roughly-executed tlrawingK ])re- 
pared showing the arrangement of one of the cells (fig. 3). 




I 
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The copper element (fig. 4) consists of two concentric ooiis of 
copper wire and an upright standard, formed of a straight piece of 
Wvy copper wire, provided with nuts and washers at each end. 
An insulated wire is connected to the lower ooil, and passed upwaitla 
through the jar to the succeeding zinc. Special stress is laid upon 
the necessity of so arranging this that the outside of the copper coil 
should run to the right of the insulated wire ; and at the same time 
care must be taken that the coils are so placed that the outside of 
die lower coil runs to the right, and the outside of the upper coil to 
tliQ lefi. This, it is stated, is essential to the proper action of the 
battery. The result of all this is, that when the cells ai-e charged in 
the usual way, and "the battery is placed in circuit, the influence 
jf liie electric current passing through the coils is such as to keep 
(lie blue solution entirely below the upper coil. If the battery is 
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working properly, in a (lay or two the upper eilge of the bll 
solution below the coil will be sharp, distinct, and well defined] 
while tho solution sQiTounding the zinc will be beautifully clem? 
and transparent. If tho battery is left too long on open circuit, 
the copper solution may sometimes rise above the upper coil, 
but on closing the circuit it will be gradually drawn down to its 
proper place. The battery will work well with a space of one inoli 
between the zinc and the upper coil, which gives a very low internal 
resistance and large quantity. Where this is not required, it i* 
perhaps better to allow more space between the elements."* 

This battery is employed to a considerable extent in Americ 
and is said to work on tho whole very well ; whether or not there 
any special virtue in this arrangement of the copper plate, I shl 
leave for the present an open question. 

The Baltimore battery, the invention of Mr. Davis of that cit 
lias likewise been patented. Tho essential elements are the 
as in all gravity sulpliate batteries. Novel features claimed for 
are the shape and supports of the positive element, a feeding-tui 
with a perforated cork down which the crystals of sulphate i 
oopper are dropped, so as to avoid disturbing the liquid in any waj 
but in all these there does not appear to be anytliing of sufHoien 
importance to recommend the adoption of this in preference to the 
better known forms of gravity battery. 

On the Continent the most important modifications of 
Daniell batteiy have been made. ICramer's, Meidinger's, 
Siemens's have all their special advantages. The last nami 
especially commends itself whore a form of sulphate battery 
quired. The improvement effected by Messrs. Siemens and Halsl 
iu the diaphragm obviates to a great extent, and for a considerabi 
time after the cell is charged, the evils arising from the action 
osmose. Paper pulp is the substance which ia employed as tl 
diaphragm ; this undergoes a special preparation previous 
being introduced into the battery. It is treated with about oni 
fourth of its weight of sulphuric acid and afterwards soaked 
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a few minutes iu water, Tlie liquid is tlieii pressetl out, ami 
) pulp is packed firmly around a bell-shaped vessel of porous 
, in which the copper element and sulphate of copper 
1. 

A batterj fitted up in this way is as reliable a fonn of Daniell as 
can be found for use upon a circuit offering considerable resistau<je. 
The work done by it and the manner in which tliat work has 
been done are tbo most powerful arguments that can be adduced in 
its favour, and, even if time admitted, require nothing to be said by 
me in support of them. 

In this fragmentary glance at some of the batteries employed in 
telegraphy I am but too conscious of the many imperfections which 
exist ; many ^wints of the utmost importance in connection with 
Hie subject have been either treated very lightly or passed over 
aitirely ; some intentionally, as for instance the appropriation of 
battery power to the various circuits — a question that would well 
repay any one who made it the subject of an evening's discussion. 
All I can hope is, tliat what has been said may elicit an account of 
the experiences and the practical suggestions of many of you ; for, 
notwithstanding the many improvements that have been made, and 
are daily being made, in the principle and construction of batteries, 
the perfect battery for universal use — if anything in connection with 
telegraphy will ever be accounted perfect — is still a thing of the 
future, and must, when it eventually does make its appearance, 
rpalize on the one hand the principle aimed at by Leclancbi:, of 
giving us iu the work done a complete equivalent for the materials 
I'linsumedj and inspire on the other hand tbo perfect confidence of 
itic Daniel], in being equal to any emergency, and ever ready to 
respond to whatever demands are mado u])on it. 



Mr. Sivewright then explained the various forms of batteries 
exhibited on the table. 

Tlie President : We bave all listened, I am sure, with great 
iutorest to one of the most valuable papers whicli have ever been 
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read before this Society. The subject of batteries is one we are all 
interested in — telegraphists of course above all, for they can make 
no step in their art till they have a battery, whilst those more 
scientifically disposed, who have no practical connection with 
telegraphy, must feel an interest in the very able discussion of the 
theory of the subject which Mr. Sivewright entered upon at the comi- 
mencement of his paper. It will be obvious that it is quite impos- 
sible to attempt to discuss the paper to-night, on account of the 
time ; therefore it will be necessary to remit the question to the 
next meeting. In the meantime, I think it desirable that we 
should distribute copies of the paper which has been read to those 
who desire to have them, in order that those present may refresh 
their memory, and that those who were absent may attend at the 
next meeting, and join in what I venture to hope will be a highly- 
interesting discussion. I need not say there are numberless va- 
teresting questions in connection with batteries, many of which, I 
hope, will be considered and discussed at the next meeting. If 
there are any members present who cannot attend on the next 
occasion of our meeting, we shall be happy to hear now any 
remarks they may have to make. 



The following Members were balloted for and declared duly 
elected : — 



As Members : — 




Augustus Stroh 


. London. 


James Briggs 


. Calcutta. 


ASSOCTATES : — 




William Marshall . 


. Cheltenham. 


J. Donaldson . 


. Cape of Grood Hope. 


Robert Hardy 


. Reading. 



The Meeting then ac^ourned. 
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lii) Thii-ty-fourth Ordinaiy Gencrul Meeting was hold on Wednes- 
day, tLe 24th March, 1875, Mr. Latimer Ciabk, President, 
in the Chair. 



Aftei' the transaction of the usual preliminary buainesa. 
The Presiuekt said. We will now commence the discussion on 
Mr Sivewright's paper on "Batteries and their Employment in 
Telegraphy," which was read at the last meeting. Before com- 
mencing that I will ask the Secretary to read one or two letters 
we have received from gentlemen interested in the subject, ai'ter 
which I will ask members who have any remarks to make to do so. 
The Secbetaby then read the communications, which appear in 
the Appendix. 
The President : I will now ask gentlemen who have any oh- 
!■^■at^ol)s to make to commence the discussion. In the first place, 
'• rt ill call upon Mr. Walker. 
I Mr. CeABLES V. Walkee, F.RS. : — In obedience. Sir, to your 
I call, I rise to offer a few observations on the subject of the paper 
t Uiat was read at the last meeting. That paper carries us back to 
bygone days, the days to me with the " London Electrical 
Society," as Member, Honorary Seci'etary, and Treasurer, from 
ils foundation on the lOtli of June, 1837, to its dissolution on 
April 22, 1843 — to days when Danicll'a battery was new to science. 
ir had been given to the scientific world ou January 23rd, 1836, 
I (Phil. Trans. 1836, pp. 107-8.) He had originally proposed to 
I call it the "Dissected Battery." One of the early communica- 
P tiona brought before the London Electrical Society, October 10, 
IS38, was on Daniell's " Constant Battery." I took active part in 
rlii; experimeuts tlier.ein described, in conjunction with Mr. Gansiot, 
Mr. Sturgeon, and Mr. Mason; and well remember oui' having 
I thought it a great thing to have mustered 160 (!) cells of Danicll'a 
I battery, — tho most extensive series that up to the dal« in question 



had been constructed. I liad tlie ])loasiire of an introduction bfl 
Professor Daniell; and met him from time to time till ^vithitfl 
a few days of his sudden death. He was delivering a short course;! 
of lectures in his usual happy style in the laboratory of King'^ J 
College. Having given his third or fourth lecture (the only ona ■ 
from which I was absent) be left tlie table to attend a Council I 
meeting of the Royal Society, then held at Somerset House, almost 1 
under the same roof as his lecture room. He had scarcely taken 
his seat at the Council table when bis head fell forward, and he 
was dead. A medical friend of mine who was present at the 
lecture in question noticed no change in him tlien. His death was 
a great shock to men of science. He was a man courteous and 
kind, especially to the young aspirant, to whom it was a great 
pleasure to have bowover small an acquaintance witli him. 

It ia interesting at the present day to read the reports of our 
very humble experiments in those early days with DanieU's battery. 
The mathematical laws of current electricity were then known 
in England only to the very few who were conversant with the 
German scientific works, among which number we were not. 
Out of Danieirs battery in some sense Electrotype ai'ose. Professor 
TJaniell himself was among the first to notice that, when tlie copper 
deposited in his colls upon the co]iper plates was Htrip])ed off, it 
bore all the marks and scratches of the plate from which it liad 
been stripped — it was a veritable Electi-otype. Taking up the 
subject of electrotyping some thirty odd years ago, I used in the 
first instance DanieU's battery; but the cost of its maintenance 
soon led me to adopt what in principle was Smeo's one-fluid battery, 
in which the hydrogen set free at the negative plate is released by 
the minute particles of platinum with which the plate — a plat« ( 
silver — had been previously coated. Smee's battery dates from t; 
year 1840. (Pbil. Mag. vol. xvi. pp. 315-321.) For practici 
purposes, in the early experiments on Electrotype I substitute 
copper for silver, and rough electrotype deposit of copper fol 
Smee's fine powder of platinum ; the deposit of copper bavir 
been made by electrotype in earthenware jars, tJie inside of whiot 
had been first covered witli wax and blackleaded. I used — and id 
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-■MS very useful — such a battery of zinc and roughened copper in 
iiuiking for the late Sir Henry De la Beclie the large copper 
electrotypes, of from 10 to 14 square feet, of the " Triumph of 
Alexander," which some of you may have seen in the Museum of 
Practical Geology in Jermyn Street, and where doubtless they 
iiiaystill be seen. Thus early, and notwithstanding my still earlier 
iMooiations, and for purely economical reasons, I had ceased to 
ose Daniell's battery. For telegraph work on the Soutli Eastern 
Railway I have for many years substituted platinized f.arbon or 
graphite for Smee'a platinized silver. 

Leclanche Batteries. 
But before describing the construction, the cost, and behaviour 
of this form of battery, I will give the Society the history and 
result of my experience with oui- more recent acquisition, the 
Leclanche battery, and will then deal with the platinised graphite 
y in like form — being familiar with the cost and behaviour 
ol' both. I first heai'd of the Leclanche battery itself on November 
2gth, 1868, from Mr. R. Sabine; and subsequently of its good 
conduct from Mr. W. H. Preece, who had some cells in his private 
house. 

It was the very thing wanted at that moment in guards' vans 
hi trains fitted with electric communication ; the one-fluid graphite 
batteries, which had been in use for this piu-poae for the previous 
two years, being very inconvenient. On December 18, 1868, I 
ordered fifteen cells from Paris ; and on April 16, 186!), went to 
Paris and obtained much information from M. Banderali, the friend 
of the inventor ; and on my return, on April 23, ordered 500 
ceik, of which 250 were for the late Electric Telegraph Company, 
at the request of Mr. Culley, made on April 21. They all came to 
hand on May 22, and were the first large consignment that reached 
this countiy. 

On September 23 I introduced M. Leclanchd and M. Banderali 

to Mr. Scudamore, having previously given them the necessary 

introduction to Mr. Gray, the manager of the Silvertown Company, 

with a view to that Company undertaking the agency as well as the 

VOL. IV. L 
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manufacture in England. They did not manufacture them at first 
as well as they now do. Under all the circumstances, I naturally 
felt in a measure responsible for their character, and noted any 
weak points, and by correspondence with the inventor had them 
corrected. Among other things he told me,, as we find him stating 
in the letter read this evening, that if we use the French porcelain 
we shall cease to have breakages of the porous pots, which so much 
troubled us in early days; and he gave me much other usefiil 
advice. 

You are all doubtless acquainted by this time with the construc- 
tion and probably the price of the Leclanch^ cells — 25. 3<i., — 2«. 6 A, 
— 35. 4cZ., — 45. 7ci., according to size. There are several varieties 
on the table. The Leclanch^ battery possesses great advantages as 
a travelling battery. It may be sealed down as tight nearly as ftd 
pickle-bottle. They have been used in our guards' vans for six - 
years. The first lot remained for about two years in the vans' 
without having been touched at all; their great feature is their- 
being as good a waiting as a working battery. I have before me 
a list of Ledanche batteries, which have worked and waited entirely 
untouched for twenty-nine, twenty-six, twenty-five, twenty-three, 
eighteen, fifteen, and fourteen months respectively. Table L 
(p. 154). Maintenance is the great question with telegraph engi-^ 
neers — ^the cost per cell per annum. I have gone into this question 
thoroughly, and am able to lay before the meeting in detail the 
actual cost of maintenance on the South Eastern Railway. Wa 
maintain at work, in round numbers, 3,000 Leclanch^ and 9,000 
platinized graphite cells (the actual numbers are at the bottom o£ 
Table II. p. 155) ; as to wages, I have separated the time spent bjr 
the line-men in battery-work from the time devoted to other work| 
besides attending to the batteries. We have on record all batterjT 
stores sent out during the last three-and-a-half years, and all old 
stores collected in, which I have taken for my data; and have^ 
worked out the values very careftiUy. Most of our Leclanch^ cells 
are No. 3 size ; but we have also a considerable number of No. % 
Taking them one with the other, the stores for maintaining one ceH 
for a year, omitting decimals, cost 8c/. Tlie total wages amount to 
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lid. But here comes in the very difficult question, viz., how to 
divide this T^d. between the time actually devoted to the batteries 
themselves and the time occupied in travelling to and from the bat- 
teries. For instance, say Soutii Eastern batteries at Beading ; — it 
takes a line-man two hours to travel from his central station to 
Reading, and two tours to travel back, not including waiting for 
train-time ; the batteries themselves occupy him perhaps from half- 
an-hour to an hour. The conclusion to which I have arrived, as 
fairly as the division can be made, is that the travelling and 'waiting 
time is about six times the working time. So that to maintain a 
Leclanch^ cell for a year costs 15^d.^ i^hich is made up of 8d, for 
stores, l^rf. for labour, and 6d. for time of traveUing and waiting. 
Table II. (p. 154) gives the items in detail, the weight and value of 
stores used and the wages. 

Platinized Graphitb Battery. 

I had long held graphite— the corosion from gas retorts— in 
high esteem. I contributed a hollow cylinder to the Polytechnic 
Institution some thirty odd years ago ; and no doubt it is there 
still. On April 5th, 1849, I substituted graphite plates for the 
plain copper of Cooke's Sand-Battery. The first, a 12-plate battery, 
worked a double needle circuit for two years without having 
been dismantled. I commenced platinizing graphite plates, and 
sent out the first battery on October 20th, 1857. 

It consists of an earthei;! jar, a zinc plate, a graphite plate, and 
a gutta-percha slipper for holding mercury The cost of one cell 
at present prices is 16;^^. uncharged, and 2lid, charged. The 
cost in detail is given in Table III. (p. 155). The charge is sulph. 
ac. 1, + water 8. There is a cell on the table before you. For 
connections the top of the graphite plate is covered with electro- 
type copper, tinned. A full description of the mode of preparing 
the battery is given in the " Proceedings of the Royal Society," 
vol. ix. pp. 28-33, February 3, 1859, and still more in detail in 
" Electrotype Manipulation," 29th edition, August 1859, pp. 42-5 ; 
both which works are doubtless in the library recently presented 

l2 
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to the Society by the executors of Sir Francis Ronalds. The . 
speaking circuits and the block system on the South Eastern 
Railway had been entirely and are now for the most part worked 
by these batteries. Leclanche's. are substituted, — ^and very valu- 
able they are, — ^for stations outlying and not easily accessible. 
One Ledanch^ about takes the place of two graphites. 

When a graphite battery is well made and set up with due care 
it will do a large amount of telegraph work for a long period, not 
only without having a fresh charge of solution but without being 
touched at all. For instance, the batteries set up when the 
telegraph office at Charing .Cross was first opened stood for fifteen 
months, doing all the through paid and service message work at 
that busy station without being touched in any way whatever. 
Table TV. (p. 156) is a list of such batteries working for seventeen, 
fifteen, fourteen, thirteen, and twelve months entirely untouched. 
In all forms of battery, liquid being a necessary part, evaporation 
more or less is always present, and very troublesome it is. The 
Charing Cross battery referred to was well placed in a dry and cool 
cellar, and suffered little from evaporation. 

It is not all batteries that can be so favourably housed. As a 
rule they have a rough time of it, and must very often be set up 
in places totally unfit to receive an instrument'on which so much 
depends, and to maintain it in ftdl efficiency during what one 
might call the term of its natural life. 

The cost of maintaining a graphite battery is small. In 
Table V. (p. 156) are given figures got out, as were those for the 
Leclanch6's. Per cell per annum for stores is 5d,; of this S^d. is 
for mercury, which at present is unfortunately very dear — 6s. 4^4. 
per pound. It used to be about one-third this price, when the 
stores for a cell would be Sd. and the maintenance per annum 
lO^d. instead of as now I2id, I have taken the wages as divided 
equally between graphites and Leclanch^'s pro rata, and have 
subdivided in similar proportions into actual labour and travelling. 
In Table VI. (p. 157) the relative cost of maintenance of the two 
batteries is given side by side. 

It would be very instructive to have a Table got out in a similar 
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manner for a Daniell's cell by one of the many Telegraph 
Engineers who have large experience with this battery. 

Mercury is a small item for Leclanch^ cells— 4(f. per annum for 
100; but as it is much more largely used with the zinc-graphite 
cells it may be as well to tell you that our mode of dealing with the 
old zincs is to coUect them all in, and distil back what mercury 
remains, obtaining by distillation about one-third the amount of 
mercury originally given out ; that is, iF we purchase and send out 
30 lbs. of mercury we collect in 10 lbs. by distillation. You will 
doubtless say, as I do, that we ought to obtain more ; but much is 
lost through carelessness and waste. 

Our plan of distilling is this : we have a fire-brick furnace, with 
a hole nearly a foot square to receive a cast-iron retort, 10^ inches 
square by 14^ high, on which a lid is tightly wedged, and luted 
with loam. An iron pipe is tapped into the lid ; and under the 
influence of the fire the mercury soon begins to come out, drop by 
drop, into a pail of cold water placed beneath the orifice of the pipe 
to receive it. The charge of the retort is 80 lbs. of old zinc ; from 
which about 7 lbs. of mercury are recovered at a cost of 4d. per lb. 
—a labouring man doing the distillation. Two-thirds of the amount 
of new zinc originally given out is collected in and sold as old 
metal; the proceeds of this and of the mercury are taken into 
account in the figures I give in. 

The President: Can you inform us what is the relative 
electromotive force of the batteries you have mentioned, and also 
the resistance ? 

' Mr, Walker : The electromotive force of the Daniell being 
taken as 1, Leclanche states his to be 1-382. The resistance of 
No. 3 size be gives as about 4 ohms. The electromotive force of 
the plat-graphite cell may be taken to be the same as Smee's, 
which would be about the same as Daniell's; and the resistance 
like Smee's, about 1 ohm. (Vide Latimer Clark on Electric Mea- 
surement, pp. 108-191.) Elec. F. Besist. 

Daniell . , . 1*0 6 to 15 ohms. 

Graphite (qy?) . . 1-0 to 05 1 „ 

Leclanche , . . 1*382 4 „ 
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Mr. W. H. Preece : Will you inform us whether the 
charged for the travelling in the maintenance of the Leda 
battery is made up by the men's time spent in travelliuj 
whether it includes the value of his fare ? 

Mr. Walker : Of the 7 id. wages per cell paid to the line-n 
6d. is for the time occupied in travelling and waiting. It doe{ 
include railway fares. I may here add that tools, shops, carri 
and superintendence are not included in the data from whicl 
Tables are constructed. 

TABLE I. — Leclanche's Untouched. 
Beigate 

Chislehurst, goods 
Charlton 
Sand Street . 
New Cross . 
New Beckenham . 
North End . 
Higham 
Beckenham Junction 

TABLE 11. — Leclanch]^ Batteries. 
Maintenance — per cell per annum. 



29 months 


26 


» 


25 


>r 


23 




18 




18 




15 




14 




14 





-Mercury 
Zinc 

Sal-ammoniac 
Charged porous 
Complete cells 
Glass cells 

Stores 

Labour 

Travelling 



Oz. 
0-008 
0-551 
4-347 



d. 

0-038 
0-568 
1-410 
4-986 
0-297 
0-873 



d, 

8-172 
1-291 
6-036 



To^al 



15-499 



i; 

.ui 
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1874. Deo. 31. Graphites in use . - 9242 

Leclanch^'s . . 3092 



Total • . 12334 



■»■««■ 



TABLE III. — Platinized-Gbaphite Battery. 
Prime cost of 1 cell, 6-in. x 2-in. 

d. d, 

Pintjar 2-375 

Graphite 6-in. x 2-in. ... . . 3*435 

Zinc ....... 1-911 

Slipper . 2-833 

Copper band '882 

Copper rivets '222 






11-658 



For Electrotyping : — Zinc • • . . -15 

—Copper ... -32 

— Sulph. of copper. . '09 

— Sulph. and muriatic acid - 1 

-66 

For Platinizing : — Chi. Plat. ... -09 

)) Soldering : — Solder .... -07 

)) Amalgamating: — Mercury . • . 1-20 

« 

13-678 
Labour 2-582 

Uncharged .... 16-260 

The charge for one cell, mercury • • 4-781 

• Sulph. acid . . 0-230 

5-011 



Charged .... 21-271 



A 7^in. X 3-in. cell costs 31-933d 
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TABLE IV. — Graphites Untouched. 



Maidstone 
Etohingham . 
Charing Cross 
Bopeep 
Hastings . 
Battle . 

Tunbridge Wells 
Sevenoaks . 
Smeethe 
Si Leonards 
Maidstone 



17 months 

17 

15 

15 

15 

14 

14 

13 

13 

12 

12 



TABLE V. — Platinizbd-Graphite Battery. 
Maintenance — per cell per annum. 

oz. d, d. 

Mercury . . 0749 — 3-62 

Zinc . . 1-888 0-94 

Copper . . . 0-051 0^2 

Sulph. a<5id . . 6-876 0-36 
Chloride of platinum . . 0-01 

1-43 

Stores 5-050 

Labour 1-291 

Travelling • 6036 

Total . . . 12-377 



Note.— One-third of the mercury and two-thirds of the old zinc are rec( 
by distillation — 81bs. gives 7 zinc + 1 mercury. Two-thirds of old coppc 
collected in. 
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TABLE VI.— CoMPABATiYE Cost, 
Maintenance — per cell per annum. 



Mercury 


0038 


3-62 


Zinc .' 


0-568 


0-94 


Copper 


— 


0-12 


Snlph. noicl . 


— 


0-36 


Chloride of platinum 


— 


0-01 


Sal-ammoniac . 


1-410 




Charged porous 


4-986 




Complete cells . 


0-297 




Glaas celb 


0-873 






8-172 


5050 


Labour 


1-291 


1-291 


TravelliDg . 


6-036 


6-036 


Total 


. 15-499 


12-377 




Mr. Hawkins : Mr. Sivewriglit having at the last meeting so 
iLnroughly brought to the notice of the members the many various 
kinds of batteries that have been employed within the last twenty 
years, it needs no comment from me, except on the Leclancbe 
[lattery, on which if I may be permitted I would like to make a 
few remarks. 

I remember at the latter end of 1868 a Leclanche element was 
brought to my notice on which I made many experiments. I 
uid it to he a battery of high tension, low internal resistance, 
great quantity. It remained very clear, constant, and of 
ffreat quantity, but the weakness was in want of oonstancy 
^'hen worked tlirough a low resistance. This cell after fom-teen 
ninths (during which time it was in no way renewed or refreshed) 
_;ive within ten per cent, of its original force and quantity, the 
internal resistance remaining nearly the same. I ought perhaps 
licre to observe that this cell was hermetically sealed to prevent 



D THMB [»aUifl 

evaporation ; the only obseiTable difference in it was thai tlie lead 
top began to show sigoB of a slight decompasition, but was passed 
by without being looked upon very seriously. This cell vrait 
tented witli others, and the results obtained month after inontlc 
were very slightly different in electromotive force, but the internal 
resistance kept gi^adualiy increasing, and to ascertain tlie cause I 
determined to break up the cell. I found on examination that the' 
lead top was reduced to white lead all over that part of the carbon 
which was in contact with the lead connections ; this was doubtlessly 
caused by the creeping up of the hydrochlorate of ammonia by the 
porosity of the carbon plate. I next made a cell on the same prin- 
ciple as the first-named, foUowiug everything as nearly as possible, 
and to prevent creeping I took special care that the end of the 
carbon that was to receive the lead top was carefully pickled in 
hot paraffin wax for one hour at a temperature of 230" Fah. J 
This wotdd appear at first an unwise step aa it would be though' 
to produce inferior conducting results, but such was not the 
and furthermore to improve the contact of the lead top with tlie 
carbon plate two holes of ^ in. diameter were drilled tlirough tlie em 
of the carbon, and the lead being poured into a mould around tht 
carbon and brass screw (for the connections) in a molten state, 
filled up the holes in the carbon plate, and by the contraction while 
cooling acted as two rivets and so improved the contact. This as ai 
experiment took some time to prove, as time was requisite 
develops that weakness which followed in the first cell. 

I remember the Post Office authorities procuring a quantity 
Leolanoh^ cells in or about the early part of 1870, and those 
batteries were, if I mistake not, specially stipulated to be of the 
size adopted by the Department, and that nothing but Wedg 
wood's red porous pots were to be employed, and doubtless thii 
was so stipulated from tlie fact of the Department having for 
years used none other than Wedgwood's, or that they had provei 
from experiments that Wedgwood's ware was most suited to thi 
batteries they were then using. I believe, as far as 1 can learn 
the cells adopted by the Department were of small size, viz. 
porous pots about Sin, deep and IJin. diameter; those on the tab) 
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tjefore me appear to be the identical size adoptad, and apparently 
have failed in the same way as the first ceil named by me, by the 
lead top being reduced to white lead by the creeping up of the 
salts of ammonia, and in some, as Mr. Sivewright justly observed, 
the porous pots " flaked " and m others bnrst. The cause of this 
I am not quite clear upon, as many even of the red pots remained 
wund in the same battery while otliers were burst and flaked. 
I verily believe from my experience that tlie red pots are the least 
'uitable, being very soft and porous — and that the great cause of 
bnrating is the crystallization of aal-ammoniac within the porous 
pot in a solid fomi. This crj'stallization is found more when 
batteriea are standing with an insufficient quantity of liquor. I 
have not on any occasion seen a burst or flaked pot that had been 
Wmetically sealed so as to prevent evaporation. The porous pots 
used by Leclanche in Paris, are, I believe, of a very different 
substance from those procured in England, being much harder and 
less liable to ftake. In the cells made by the sole manufacturers 
indvendoi-s of tills battery in England (the India Rubber Company) 
Cfflly the very best French porous pots are employed, hence burst- 
ing or flaking is of rare occurrence. Flat plates should be of 
ilii: same kind of ware, but I believe those employed in the con- 
Tted trough battery are all English ware, hence the cause of 
^^laking in this particular form. 

^^^ observe before me a battery made to effectually prevent this evil, 

^^Kng constqieted as follows : The bos contains ten cells, the outer 

^^31 being of ebonite, the porous diaphragm is cardboard, one-eighth 

f of an inch in thickness, with a piece of thin ebonite (perforated) 

at the front of the cardboard to permit porosity and to act as a wall 

ill a curved form from corner to comer, thus fitting firmly in the cell 

and made watertight by pouring hot paraffin wax around the sides 

and bottom. The usual mixtures employed in the Leclanche patent 

are then placed in one part and sealed, while the other part is left 

<jl>en (being small) with the zinc, so that the height of the liquor 

mav bo observed. This kind of porous diaphragm has shown no 

nigus of tailiu-e, I having had some under test for over twelve 

iDODths. Again referring to the lead top, the second cell I made 
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experimentally to prevent the decomposition showed no signs c 
faihng, and, in conclusion, I can but say I have not seen a leacT 
top fail for cei-tainly over two ycai's, excepting those made prior 
to that earlier date, when tlie experience was very limited. I will 
also remark an experiment on a Leclanclie element worked in a 
continuous closed circuit. I placed in circuit with a No. 2 
Leclanch^ cell a resistance of 200 ohms, last December, and tested 
it periodically; my test on Saturday last showed the electromotive 
force to be within ten per cent, of its original force, and after one 
minute ^free it increased two per cent, and at the end of tsn minutes 
it was perfectly steady and then within 4 per cent, of its former 
force. I also at the same time placed another cell of the same size 
in circuit with 1,000 ohms, and it was subjected to tests exactly 
the same as tlio previous one on Saturday last ; I found the electro- 
motive force to be within one per cent, of what it originally was, and 
after one minute free no perceptible difference in force waa apparent, 
From a series of experiments I find that batteries fall in potential 
after one minute's short circuit as follows : — 

No. 1 Daniell unit cell . . = 0% 

Mari4 Davy . . . . = 1*86% 

Grove = 051% 

Bunsen = 6-82% 

Meidinger Sulphate . . = 2-89% 

Oravity „ . . . = 6-71% 

Leclaneh^ No. 2 . . . = 20-90% 

Therefore the fact is clearly established that the Leclanch^ ia 
its present form is quite unfit for a contimtoos or local circuit ( 
21 ohms, but by interposing resistance it can bo used witli £ 
results, Leclanche will be found almost constant if worked on 4 
busy line where the resistance in circuit is equal to 100 obnis p 
cell, and I believe if every telegraphic circuit were so arraagi 
that no Leclanche battery should be placed in a line that had leA 
than 100 ohms resistance to every cell applied, in many instano^ 
a great saving and a more satisfactory result would be arrived i 
Many imitations and infringements of Leclandie's patent batti 
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have from time to time been brooght to my notice^ in which I have 
invariahljr fbond Terr inferior material and manufacture; from 
batteries so manofectured inferior results must inevitably follow. 

1 am of opinion that too much care cannot be bestowed on the 
manufacture of sudi a battery, and that it needs nothing less than 
the very best materials to ensure those practical results that are 
now obtained, and that cracked porous pots and destruction of tlie 
lead tops will be things of the past. 

Mr. W. H. Pbkecb : Can you kmdly inform us what are tlie 
relative electromotive forces and internal resistances of the different 
fonns of Ledanche batteries ? 

Mr. Hawkiks : The resistance of the battery No. 1 was about 

2 ohms, of No. 2 about 2*5 ohms, and of No. 3 about 2*75 ohms. 
The electromotive force of each of the three sizes is 1*5 as com- 
pared with a Daniell. 

Mr. Alfred Bennett : It is a mistake to suppose that no local 
action whatever takes place in an inactive Leclanche battery. If a 
cell is left idle from day to day, and the zinc carefully weighed 
after being freed from crystals, it will be found to lose from throo 
to four grains every twenty-four hours. 

Some time ago I undertook an extended series of exi^eriments 
with the'object of finding a battery as cheap, simple, and effective 
as that of Leclanche. After trying a great number of combinationH 
I came to the conclusion that such a battery was obtained by using 
a plate of carbon packed in a porous cell, witli pieces of tho same 
substance as a negative element, with zinc and a solution of hydrate 
of potassium as a positive. No liquid should be placed with tho 
negative, as it is essential that the air should have free access to tho 
cell ; but sufficient water speedily percolates through tlio porous 
diaphragm to render the carbon as damp as is desirable. 

When the circuit is completed the oxygen, both of the water and 
potash, is liberated at the positive pole and forms oxide of zino. 
The potassium and hydrogen are set free at the negative plato, 
where the potassium is instantly re-converted into liydrato on tl)o 
surface of the damp carbon. The oxygen thus attracted from tho 
atmosphere leaves azotic gas, which combines with tho hydrogou 
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and forms ammoiiia. The battoiy in time tlius bccoinea a epecies 
of Ledaiiche, 

The electromotive force of this combination is about the same as 
the Leclaiiche — if anything rather higher ; but as it does not foil 
nearly so rapidly when working tlu"ough a moderate resistance its 
effectivB strength under such circumstances is much greater. It 
is perfectly constant through 70 or 80 ohms, whilst the Leolanche 
fails to keep up its original strength for any length of time when 
working through a less resistance than 200 ohms. The re-conver- 
sion of the evolved potassium to hydrate causes the battery to last , 
a long time without a fresh supply of material. It is a clean j 
battery, and unless a very strong solution — which is not necessary- 
is used there is little or no local action. It is now in nse in varioH 
parts of the United Kingdom, and I have received very grattiyin 
reports of its performance. I may mention that hydrate of sodin 
is quite as effective as potash when first made up, but owing to i 
more rapid absorption of carbonic acid it cbanges to carbons 
sooner, and, besides, makes a dirty battery. I was some time : 
discovering these defects of the sodium salt, and as it is the cheap 
of the two )J1 the first batteries on this principle were made up ^v 
it, hut its use has now been discontinued iu favour of the potash. 

1 lately resumed my experiments witli tlie hope of obtaining 
still more constant battery. After innumerable failures I : 
happy to say tliat I have succeeded, and have also lighted upo 
one or two facts which I think will be of interest to the Sociefc 
The details of my experiments are almost too voluminous to 1 
communicated during a discussion, and I therefore propose, subje 
to the approbation of the Committee, to lay them before you in i 
form of a paper at an early date, when I hope to have the honour 
submitting to your notice a single fluid battery with the potentii 
of the Leclanehe and almost the constancy of tlie Daniell. 

Dr. John Hall Gladstone, F.R.S.: I had not the advanta 
of being here on the last occasion, but I have been afforded tl 
opportunity of reading the paper by Mr. Sivewright, and have hi 
great pleaam-e in seeing the way in which he treated tlie subjet 
His paper opens up a number of questions which one would lil 
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to go into. Some of these are of a purely tiieoretica] order, but 
there are other researches whiuh cuulil not fail to be productive of 
good in the hands of the Members of this Society who have time 
to give to such matters. One occurs to me. Mr. Sivewriglit 
remarked that it is a point of interest whether osmose tlirough the 
porous cell of a Daniell'B batteiy is accelerated or retai-ded when 
the battery is in action. One would think that was a matter which 
might be determined easily by experiment ; but it is not so simple 
as it looks, because we have the contents of the cell continually 
changing their character. We have the osmose of several diflerent 
bodies at work, and not merely osmose but mechanical movement 
of the liquids to a considerable extent. Any one who examines 
the matter will find that in a Daniell's cell there is a hoaping-up of 
sulphate of zinc, aud consequently a current downwards, agaiust 
the zinc, but where the copper is deposited the sulphuric acid 
dement passes away &om the copper in the other direction, and an 
attenuated solution is produced, so that there is consequeutly an 
Inward current ; therefore in the two parts of a Daiiiell's cell there 
me two circulations going on at the same time. These are 
mechanical and must to a certain extent modify the osmose. 
, Another point is this. We have heard a great deal about the 
Jauche battery, I am not sm'e that we quite understand the 
stry of that yet. My own study of the subject leads me to 
IBsulta different from the formula which Mi-. Sivcwright has given, 
which looks pretty upon paper, though I think he does not quite 
believe it is home out in point of fact Hearing Mr. Walker's 
remarks upon Professor Daniell one could wisli that there were 
many such men in the present day, who would investigate these 
qoestions. There has of late been a prodigious development in 
&& whole matter of batteries through the requirements of electric 
telegraphy, but the investigation has been rather in the direction 
of the electrical and mechanical than the chemical pail; of tlie 
ijuestion, the work actually tjiking place in the battery. There is 
liere a large field for numbers who like to enter into it. 

I do not believe we have yet got the ideal battery. It would be pos- 
sible to try a great number of combinations witlj prospect of success. 
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It is true Imtteries aro clioaji, but one can imagine tliey might 1 
' chBa[Tei'. If I may give my own exj)erienoe I know of a ftimi or 
battery cheaper than aiiy of those now before ub. The oxygen of 
the air is the only liquid element used up in it. It was first inada 
witli silver and copper, but that will not do in actual practice. 
Since then it has been produced with copper and zinc, and s 
ordinary aerated solution of chloride of zinc. Tlie oxygen of th( 
air dissolved in tlie liquid causes decomposition, and oxide of z 
19 deposited on the copper, while the zinc dissolves away, and aH 
the plienomonen of a galvanic current are produced. Thia i 
theoretically the cheapest of all batteries. Tlie electromotive force 
is high, and the internal resistance is small, but there is one fatai 
quality about it, viz, it is by no moans constant At first it i; 
very active, because of the oxygen dissolved in the liquid ; bui 
that soon begins to be used up, and the force runs down rapidly 
The whole aubject is one of great interest from a scientifie as wej 
as fixtni a practical point of view. It is astonishing the largf 
number of forms of batteries we have, but no doubt, from the Sug- 
gestions which may be made in the course of this discussion or fron 
the thoughts which may occur to our minds, something still bettei 
may be produced than we yet possess. 

The President : Can you give us an idea of the tbrm of th» 
air battery ? 

Dr. Gladstone : Mr. Tribe and I describetl it before the Roya 
SJooiety, and it is published in their Proceedings. One peculia: 
mechanical arrangement is necessary. It is necessary to brinj 
the copper as near as ^wssihle to the surface exposed to the a 
We arrange that the plate should lie on the surface of the liquid 
In using the silver battery we had a porous tray of silver, carryinj 
crystal of deposited silver. The force soon runs down ; it geti 
steady action afterwards, but that is very small. 

Mr. Alex. Adams : It was mentioned in the first letter read thi 
evenuig that oxidisation does not take place with carbon. It ap 
that some kind of action does take place. I obtained some eoiH 
parativelypure carbon, cleaned itwitli acid, and afterwards brough 
it to, and baked it at, a white heat. The carbon plate fbrtunatel 
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split lougitudinally whilst in the firo, and after being washed was 
baked again. I placed the two pieces of carbon, of similar size, 
11] condensed water in a glass, and tested them for cvirreut tlirough 
]i very sensitive reflecting galvanometer. The deflection produced 
was about 12 inches of scale, which during thirty hours gradually 
tell to zero, where it remained. Lifting the carbons from the 
lii|uid, and replacing them, produced a deflection uf about three 
inches. This led on to experiments with a Daniell's cell, the 
residts of which tend to shown that we have little knowledge as to 
ita true internal modus operandi. I had forty cells of the ordinary 
Daniell form, and marked one of the number for experiment. After 
tlie forty cells had been joined on short circuit by means of switches, 
''n' experimental cell was tested for its electromotive force. Sixty 
■ ;lr. wore then opposed to the forty for ono minute, and upon 
i:.ain testing tlie one cell 1 found its value had increased. I then . 
ubiained a glass jar, and placed within it a piece of the carbon 
already referred to, with water. After the forty cells had worked 
on short circuit for some time the zinc was lifted from tlie experi- 
'■^'■iital cell into the glass jar opposite tlie carbon, and the deflection 
I 'ted, Keturning the zinc to its cell the sixty cells were opposed 
'<■! the forty, and the metal again lifted into the glass and tested, 
when the deflection exactly equalled that of the previous test, inti- 
mating that no change had occurred upon the zinc. After placing 
1 cell in opposition to the zinc-carbon water-cell, and again almnt- 
ijig the latter tlirough the galvanometer, I found that the electro- 
motive force bad increased by about ten per cent,, and this result, 
which was several times verihed, appears to explain in some measure 
llie wide difference between the motive capacity and the chemical 
action of a cell. It seems that the force exerted at the first instant 
of time alters the condition of tlie negative plate, and tliereby 
instajitaueously reduces the value of succeeding forces. I also And 
that by allowing the opposing cell to act for some minutes a much 
higher force is afterwards obtained, but that it gradually subaides, 
1 cannot satisfactorily account for the large increase of force just 
mentioned. 
With regard to the Daniell battery, but little has boon said in 
VOL. IV. M 
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connection with the form of cell commonly in use. We have what 
is called the ordinary Daniell, but it appears to me that the amount 
of metallic surface is too small. There are^ as we know, consider- 
able climatic differences upon our globe^ notwithstanding which 
the cell used is more or less g^ieralised. For many foreign lines 
which are comparatively constant the present plates are suitable^ 
but I think them unequal to the varied emergencies of a climate 
like our own, where lines hardly remain constant for half-an-hour» 
To get over the failure of a circuit in consequence of weather 
leakage, we add cells in series, thereby largely increasing the 
battery-resistance, whilst the line-resistance has fallen. Surely this 
is not in accordance with theory. By increasing the size of the 
plates to (say) half as large again, we reduce the resistance of the 
battery to about 4'8, its original value ; the effects of bad weather 
upon the line would not be so quickly felt, and upon eventually 
adding cells the battery-resistance would increase less rapidly. 
We have heard about the gravity-cell, and of the Daniell's cell, 
with its porous pots. The Siemens* modification effects a combina- 
tion of the two, and from what I have seen abroad this cell works 
remarkably well, the only fault being its high internal resistance as 
compared with the Daniell. For constancy I do not know a better 
form of battery, but, unless its internal resistance be somewhat 
modified, I doubt if the Siemens' would be so advantageous for this 
country : it is one of the cleanest double-liquid batteries extant 
One remark more. I have found by experience that upon asking 
a person to test a battery he will put it on short circuit through a 
galvanometer of low resistance, and if the deflection is large will 
pronounce it to be in good condition ; but it does not appear gene- 
rally known that the galvanometer should be left in circuit with the 
battery for five or ten minutes, and the fall of the needle noted, 
and that the fall divided by the time gives the desired replication. 
This is not generally practised, and consequently exhausted batteries 
often cause indifferent working, without the slightest suspicion that 
the fault lies in them. 

Mr. E. Graves : There is an allusion in the paper to some ex- 
periments made on the Leclanche battery with a solution of common 



aidt instead of sal-a 111010111.11', and siltlioiigli I ciiiiiiot caiifradict tlie 
conclusion amved at, tliat tlioso esperimeata generally were failures, 
yet I have some ioataiicea of auccess which may be worth men- 
tioning. In January last year a rough battery of 10 cells was 
fixed at Enstone, near Oxford, on a circuit of 40 miles in length 
of No. 8 wire, and with five single needles in circuit. I do not know 
what its exact resistance is. The ofiice waa one in which the work 
done is little, not amounting to moi-e than four or five messages per 
(lay. The battery had water added in October last, and was looked 
at, but not touched ; in January it was then working well. Another 
instance was at Chester. I have got the figures of comparison 
between this battery and a Leclanch^ fixed in the same locality, 
charged in the ordinaiy way with sal-ammoniac, whilst the former 
was charged with common salt. I will read you an extract from 
tlie report of Mr. Edwards, the Superintendent of Post Oifice 
Telegraphs at Chester, dated March 23, 1875. 

He says—" A trough Leclanche charged with sal-amnjoniac waa 
jiraed up at one of the Shropshire Union Canal stations in Sep- 
tember 1S73. Since that date it has been four times refreshed 
111th water only. Once, water and sal-ammoniac have both been 
milled. A day or t\vo since I examined tlie battery carefully, and 
lipund it in ainiost as good a condition as when first joined up. 
Tlrcre was no scaling or splitting of the porous plates observable. 
:■■ zinc plates were fairly clean and as good as new. I put the 
.ri.'iy constantly lu circuit with a quantity detector for one hour 
I a half, with the following results. When first placed in 
■iiit the battery gave 28^. In five minutes it dropped to 24°. 
twelve minutes to 15°. In thirty minutes to 13°. In forty 

I.L.liiiite3to 12°; and thence onward to end of the hour-and-a-half it 
i«mained stationary at the last-mentioned figures. 
" Another trough Leclanche, on the Chester and Birkenhead 
Irciiit, was charged with salt in hen of sal-ammoniac in Novein- 
■ 1873. .Since that date water only has been thrice added. It 
lieen moderately worked. An average of forty messages per 
passed over the circuit tbroughout the whole perioti, but on 
■m.' (lays there were double that number. I tested it in the samo 

M 2 
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way as the other, keeping a quantity detector constantly in circuii 
with the battery for an hour-and-a-haJf. Results as follows 5 
When first joined up 24°. In five minutes 20°. In fifteen minutes 
16°. In thirty-seven minutes 15°. In seventy-two minutes 14% 
and at the end of the test 14°. 

" These figures show the salt battery to be absolutely more con*- 
stant than that charged with sal-ammoniac, even allowing for tli4r- 
former being put to work two months later than the latter. In tbt^ 
salt battery I found the porous plates perfect, as also the carbon 
and zinc." 

With reference to the causes of failure of the Leclanche, I 
believe them to have been mainly due to the defective character of 
the porous plates. I think the experience I have had confirms thtf! 
view that such failure arises firom no inherent defect either chemio- 
ally or mechanically in the arrangement of the battery, but rather 
from the imperfect material employed for the porous divisions. K 
happens that I have a larger proportion of Leclanch^ batteries o£ 
the forms which have been introduced during the last two or three 
years than of the earlier kind, and I find that failures with me are 
vory much fewer than those which have taken place in parts of the 
country where a large number of the earher forms have been em- 
ployed. I have made inquiries, and I find nothing which admits 
of the question being disposed of by a simple reference to the 
Wedgwood-ware cells that Mr. Hawkins states the Post OflBce to 
have specified for. Railway Companies have not so specified, but 
whilst my brother, who is Superintendent of the North Eastern 
Company's Telegraphs, informs me that he has 5,000 cells of 
Leclanch^'s battery and has had very few cases of failure, the 
Superintendent of the Lancashire and Yorkshire Bailway Tele- 
graphs, using the same form of battery, states that failures are 
frequent from the splitting or fiaking of the porous plates. 

With reference to the formation of white-lead between the carbon 
plate and the lead cap, I think it arises from the varying conditions 
of manufacture. One lot of 400 cells of the Leclanche form supplied 
to the Post Office at Liverpool some eighteen months ago failed to 
such an extent that in less than four months 250 out of 400 were 
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condemned. On the other Iiand, for tJie wliole time subsequent to 
the date I speak of, the failures have been very rare. The economy 
ill maintenance arising from the use of the Leclanche battery 
seems to me to be perhaps slightly overrated. There is a decided 
economy in consumption of material ; but, when you take tlie prac- 
tical cost of maintaining batteries, the cost of material as a rule 
forms but a small proportion of the actual total outlay involved by 
'111? occupation of men's time, allowance for expenses, and payment 
■f fares. It is true that a man may at long intervals visit an 
i-iilated office and find the battery requires nothing to be done to 
![ ; but, fi-om the tendoncy of the Leclanche when it does go to go 
"itliout giving warning, it is impossible to allow offices of the 
cltt;is I apeak of to remain unvisited for an excessively long time, 
consequently the most material outlay occurs whether there is a 
consumption of material or not, and I would therefore point out 
tliat the economy is not so great as at first sight appears. 

The collected experiences of the use of the Leclanche battery 

prpsent a mass of contradictions. It is the general experience that 

I ho great fault of the battery is its want of constancy, and its conse- 

■jiieiit unfitness for locals or for heavy circuits. I have exceptional 

record, however, of cases of considerable constancy imder circum- 

■sbmces of much trial. These were on two circuits, one from 

AValsall to Birmingham and the other an instrument at Walsall, 

- I mediate between Birmingham and Stafford ; the shorter 

liiiey was of about ten miles and the longer about thirty. On 

^L'-h of them a 10-cel! Leclanche battery was fixed: one on the 

-ii'irter wire worked for threo years, from the commencement of 1872 

'■,'1 the commencement of the present year. Sal-ammoniac was 

I'.U several times and water frequently, and one or two special cells 

r changed. The battery on the other circuit lasted for tlie 

■ ■■» time, but the work was less hard and the liue-resistanco was 

nt(»r. By way of bringing tlie battery to exhaustion point, in 

iiiiiry of this year the two sets were connected together and 

■III! as one to the short circuit from "Walsall to Birmingham, 

M'h had been duplexed. For a short time they worked 

...a and gftve at fti-at 40° quantity- from the full set, but in a 
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fortnight it fell to about 5° ; after two days' rest they tested as well 
as ever. 

In dealing with the practical maintenance of the Leclanche 
battery one circumstance has not been touched upon, that is the 
liability of the connecting wire to fracture if it is rudely handled— 
the varnish coatings appear to yield after the lapse of a certain 
time. Chatterton's compound has proved the most successful cover- 
ing. It is found adyantageous to put on two coats of the com- 
pound, letting the first dry before the second is applied, and makiflg 
it thicker towards the lead cap than in the middle. 

I do not think I can recall any other features which have not 
been already fully dealt with. Mr. Sivewright's paper on the whole 
completely confirms the experience I have obtained. ^ This paper 
appears to me to be an admirable resumi of the general experi- 
ence derived from the practical use of the batteries most generally 
employed. 

Mr. HiGGms : Mr. Sivewright m^entions the Groves' battery as 
having had its day, and being about to be numbered with th$ 
experiences of the past, the carbon battery ; and states that for 
general telegraphic purposes they are fast making way for one of 
the many forms of the Daniell's battery. In the case of the 
Exchange Telegraph Company I am sorry to be obliged to say 
that the carbon batteries cannot make way for any form of 
Daniell's battery, partly on account of the extra space required 
and partly on account of the great cost of Daniell's capable of 
producing the amount of force we require to work our automatic 
instruments. The battery is as described by Mr. Sivewright, 
except that the solution we employ for the carbon cell is mud 
more concentrated. To make it, 5 parts of bichromate of potash 
are dissolved in 44 parts water, as far as possible, and 15 parte 
sulphuric acid added slowly through a syphon while the solution 
is being stirred, to effect the solution of the remainder of the 
bichromate; organic matter must be carefully excluded from this 
solution, especially while warm, as it is readily deoxidised by straws, . 
paper, wood, and other combustibles. The density should be 1^4 
of water. For the outer or zinc cell, a solution of 1 part sulphuri 
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acid in 32 pai'ts water ia employed. The surface of the zino facing 
the porous pot is 25 square inches, the resistance -^g ohm per cell, 
the potential 2 volts. In practice this is reduced to 1'8 after a 
quarter of an hoar's work, and in calculating the power necessaiy 
for a lino the latter potential m taken. This battery, though the beat 
for our use, is a most inconvenient one. In winter, if the solutions 
are permitted to become very cold, its electromotive force is in- 
creased, but the battery is mucli more rapidly exhausted, If the 
eii-cuit be closed long enough to cause the bielu'omate solntion to 
turn sKghtly gi'een it polarises very rapidly, and should it turn 
very green ita removal and replacement by fi-esh is quite useless 
to restore the battery to proper working condition. The carbon 
platea become impregnated to such an extent with hydrogen tliat 
only soaking for some time in fresh solution, or washing and drying 
in the air, will remove it. New plates, or those which have been 
long exposed to the air, act wltli great energy for a short time after 
being set up, an arc of about tlu-ee -quarters of an inch between 
copper wires being obtainable witih 50 cells. The cost of mercury 
is almost equal to that of bichromate. It appears that the purity of 
tile zinc has more to do with its regular dissolution than the manner 
0? fashioning it Rolled plates dissolve until very thin without 
boles. Spongy or cellular parts of the plates cast in closed 
moulds are always eaten away in an undue manner in spite of the 
amalgamation. The most remarkable instance of rapid decompo- 
sitioii of plates which I have seen occun-ed when a dark powder 
in patches was found on some plates ; the affected parts werrf 
rendered invisible while immersed by a dense milk-white stream of 
mhiute bubbles which ascended from them. This powder was 
■■.amined by Dr. Muirhead, and founil to consist of carbon with a 
,atl quantity of chromium. Holes two inches in diameter were 
"liiid in plates three-eighths of an inch thick after the plates had been 
L Iwenty-fom' hours in the solution. The batteries are required to be 
f of such low resistance compared witli the lines they are employed 
I "Tt as to furnish a current of -5 Webers on two Unes of equal rc- 
■ [:tnce simultaneously, iiud also to give about the same ou either 
J separately. 
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The quantity of current passing to earth by onr earth-wires ia afl 
great, that, if a common quantity detector ha used to form a derive^f 
circuit across two or three inches of any of them, a eousiderahl^ 
quantify of current will pass, aa indicated by the deflection. fl 

The tray batteries of Sir William Thomson are, as far as I know, 1 
the only ones which could replace those we use, but 3,000 at least I 
would be required, tlierefore the cost would be much in excess of 
the bichromate, both of installation and maiuteuance. 

Batteries. 

In searching for some generator of electricity to replace these 
troublesome and expensive bichromate batteries, we have tried 
various kinds, a number of whlcli are quite uuworthy of notice. 
But some present good features, and though perhaps well known it 
may be interesting to have an aocouut of their capabilities and per- 
formances. Some modified Leelanehe batteries, manufactured bv 
the Soci^t^ Qent5rale de I'Electrieite of Paris, in a very compact 
form, with canvass receptacles for the positive pole, offering an 
internal resistance of 2-6 ohms, are very good for intermittent 
working where much quantity is required. The pores of the upper 
portion of the carbon prism are filled with wax to prevent tiie 
chloride of ammonium solution attacking the brass-binding screw 
used for conuectiou. Two such cells are sufficient for a sounder ot 
ink-writer local. Of gravity batteries, we have tried tlie form 
known as Lockwood's, with very good results. Three cellscharged 
^vith 5 lbs. sulphate of copper, 2 lbs. 1 J oz. zinc, and 6 ozs, sulphate 
of zinc, were put with three other gravity cells, on a closed circuit, 
with one ink-ivi-iter and a sounder ; total resistance about 60 ohms. 
On the 3rd of March, 1874, they were still working, but somewhat 
diminislied in force, owing to the greater distance of the top copper 
spiral from the sulphate of copper. Internal resistance about 
6 ohms per cell at first. Nothing has been done to these cells but 
to add water to replace that lost by evaporation. The other tliree 
cells were put on the same circuit on January 27th, 1874, cliarj 
witli 3^ lbs, sulphate of copper per cell. In this form thi 
supported by pieces of wood attached to the copper plate, and 
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the 8ulpliat€ became consumed the zinc and copper plates sank 
lower. Loose-fitting wooden covers were put on to prevent evapor- 
ation. The cmreiit appeared to bo always of tiie same force from 
this battery, and notliing whatever was done to it until July 14th, 
1874, when it was taken down, because every trace of sulphate of 
clapper had disappeai'ed from two of the cells. During the whole 
of tliis period the circuit was closed day and night, except when 
messages were being sent Finding that the diifusion of the 
sulphate of copper was too rapid for circuits of high resistance 
and intermittent working, I prepared two cells, in which the copper 
plaf«s are placed above diaphragms of felt, through which the 
supply of sulphate of copper solution must pass. One of these has 
been iit connection with ten telegraphic Dauiell's, working on a cii'- 
cuit of 100 ohms resistance, closed about seven hours a-day since 
March 16, 1874. A little more than half the sulphate of copper has 
disappeared, but no copper has been precipitated on the zinc. The 
other was charged and connected to a trembler-bell of ti ohms 
resistance on tJie 22nd May, 1(^74 ; the treiid>ler is still working. 
Upon circuits of high resista4ce, like those described by Mr. 
Sivewright, these batteries could be arranged to work for about 
two years without being touched. 

Some chromic and siilphurie aeida compomid was tried in place 
of the bichromate solution made by us, and found to give a slightly 
better electromotive force ; but its resistance was too great, and 
when diminished by adding sulphuric acid the depolarising power 
was insufficient for half-an -hour's continuous work. We have tried 
Gramme's machine, but the induced current in the bobbin at the 
time the circuit is closed is so great as to materially shorten the 
signals ; therefore it cannot be used. 

Referring to one portion of Mr. Sivewright's paper, I think 
the very rapid exhaustion of the Leclanche battery mentioned 
there must have been due to its having been caused to work 
Ibrough a much lower resistance than its own. Three of the 
smallest Leclanehts cells ai'c sufficient to work one of our embossing 
Morse instruments, and make a very lond sound. To prevent 
Bcaling, a glazed porcelain division, with a great number of per* 
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forations, could be used instead of the porous pot ; if the holes were 
small enough to prevent the manganese fallinj^ out, this would 
answer very well and not scale. 



The following Candidates were balloted for and declared duly 
elected : — 

Adolphe Lindeman. 

Lieut. C. F. Beresford, R.E. 

Lieut Macgregor Greer, R.E. 

The Meeting and discussion were then adjourned. 
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The Thirty-fifth Ordinary General Meeting was held on Wednes- 
day, April 14th, 1875, Mr. Latimer Clark, President, in 
the Chair. 



The preliminary business having been transacted, the President, 
in terms of deep regret, announced the decease of Mr. Carl Becker, 
a valued member of the Society, who was known to many present, 
and was highly esteemed both for his personal character and his 
great scientific knowledge, and fi-om whose researches they had 
received great assistance in the manufacture of various electrical 
instruments. His loss would be deeply felt, and he was sure it 
would be regretted by all who knew him. 

At the last meeting we commenced the discussion of Mr. Sive- 
wright's paper on batteries. Since then a * paper on the same 
subject has been sent in by Mr. Alfred Bennett, and I think it is 
desirable it should be read now, after which we can discuss the two 
papers together. 

The following paper was then read : 

NEW FORMS OF GALVANIC BATTERIES. 

By ALFREii Bennett. 

In all galvanic combinations water is decomposed when the circuit 
is completed. The oxygen is evolved at the positive, and the 
hydrogen at the negative, pole. The latter gas being electro- 
positive to zinc, it is necessary in all constant batteries to provide 
for its neutralisation immediately upon evolution, or the negative 
plate will become covered with hydrogen and a current be set up in 
opposition to the primary one. Consequently the effective current 
from the battery will only be equal to the difference between the 
strength of the primary and secondary currents. 

In the Daniell battery the hydrogen is effectually got rid of by 
the decomposition of the sulphate of copper contained in the solu- 
tion surrounding the negative plate. 

In the Leclanche the difficulty is partially met by causing per- 



176 NEW FORMS OF GALVANIC BATTERIES. [14th April, 

oxide of manganese to part with a portion of its oxygen with } 
which the hydrogen combines. The quantity of oxygen given off 
is, however, insufficient, and the negative plate consequently be- 
comes polarised when the battery is made to work through a mode- 
rate resistance. 

The only other form of constant battery not made up with strong 
acids, the use of which is, for many reasons, inadmissible, is that 
of Marid Davy. The action, which resembles that of the Daniell, 
is to precipitate mercury from a solution of the bisulphate of that 
metal by which the carbon plate is surrounded. It is a very good 
battery for long lines, but, like the Leclanch^, fails to keep up its 
potential when put to hard work. The great cost of the mercury- 
salt has, however, been the chief obstacle to its use for telegraphic 
purposes. 

It occurred to me that it would be easier to abstract oxygen 
from the atmosphere and allow the hydrogen to combine with the 
nitrogen thus liberated than to cause oxygen to be given off from 
a solid substance, as peroxide of manganese. The great affinity of 
the metals potassium and sodium for oxygen led me to commence 
my experiments with them. I soon found that when the three 
elements, oxygen, hydrogen, and potassium, or sodium only, were 
present, as in a solution of the protoxides or hydrates of those 
metals, very good results were obtained ; but the presence of a 
fourth. element, as carbon or chlorine, greatly reduced the efficiency 
of the cell. This form of battery, which consisted of a carbon-plate 
packed in a porous cell, with pieces of broken carbon as a negative 
element, and zinc, with a solution of hydrate of potassium, as a 
positive, continued perfectly constant through 80 ohms, the con- 
stant point of the Leclanch6 being about 200 ohms. 

It being evident that the abstraction of oxygen thus effected was 
insufficient to constitute a perfectly constant battery, I sought for 
some means of increasing it to the required degree. Phosphorus, 
placed at the bottom of the porous cell, and covered with broken 
carbon, answers perfectly; but being extremely dangerous stuff to 
handle, and further possessing the inconvenient knack of igniting 
spontaneously and setting the whole batterj- on fire, [it is, for all 
practical purposes, useless. 
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I^next tried pyrogaJlate of potasb, whicli jmtiaessea the feculty'of 
■acting oxygen from tli6 atmoephere very rapidly. I placed a 
little ]iyr(igal3ic acid at the bottom of the porous cell, which was 
theu fitted up with broken carbon. The solution of potash, per- 
colating very slowly from the |)ositiv9 portion of the battery, gra- 
dually changes the pyrogaJlic acid into pyrogallate of potaah, which 
atti-aets oxygen in sufficient quantity to render the combination 
perfectly constant, even on short circuit. Pyrogallate of soda ia 
juat as efficient; but pyrogallate of ammonia is useless. I tried it 
with the hopes of increasing the constancy of the Leclanch^. 

Niti'ate of cobalt, when diluted with a solution of potash, is de- 
composed and becomes hydrate of cobalt, a peculiar property of 
which ia its power of absorbing oxygen from the ahnosphere. I 
took advantage of this fact by substituting a small quantity of 
nitrate of cobalt for the pyrogallic acid in the combination just 
described. The potash very gradually reduces the nitrate to the 
requisite condition, and until tliis has absorbed an much oxygen as 
it is capable of taking the battery will remain perfectly constant on 
short circuit. As the idea of using nitrate of cobalt only occurred 
to me about three weeks ago, I am unable to say how long it takes 
to effect this ; but I have had a cell working night and day since 
then, sometimes on short circuit, sometimes through 10 ohms, but 
mostly through 5 ohms, and it is now as good as ever. 

A mixture of sulphur and iron filings or turnings in the same 
position is always effective, keeping the strength of the battery 
constant under the most severe work. By absorbing oxygen the 
sulphur becomes sulphuric acid and the iron protoxide of iron. 
These combining form protosulphate of iron, which is decomposed 
by the potash. I have not had this combination on trial sufficiontly 
long to be able to speak with certanty as to its merits, but as the 
iron seems to get through to the zinc after the cell has been some 
time at work I am rather dubious as to its permanency. 

I have now described the only constant batteries I have suc- 
ceeded in producing after trying more combinations than I can 
remember, and will now pass to another portion of my subject. 

Being aware that iron had been occasionally used instead of zinc 
|,the positive plate of batteries, and that its electro-positiveness 
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varied somewhat in difFerent solutions, I, more from curiosity than 
in the expectation of any useful result, substituted the blade of a 
knife for the zinc of one of the potash cells, thinking that perhaps 
it would have the effect of reducing the electromotive force to 
about one -half, as would have been the case had the battery been 
a sulphuric acid or an ammonium one. To my surprise the needle 
of the galvanometer was only deflected about one degree, proving 
that in a potash solution iron is almost as electro-negative as 
carbon. The utility of the discovery being at once apparent, I 
immediately made up a fresh cell, in which the old knife did duty 
for the usual carbon plate. Except that the electromotive force 
was slightly lower, the cell behaved in every way as well as the 
carbon ones. However, when it was allowed to rest for a long 
time, I found that a little iron was deposited on the broken carbon, 
due to the slight difference of potential between the iron and 
carbon, but on the circuit being closed this was speedily re- 
deposited. This double action made no perceptible difference in 
the working of the battery. Thinking that from their great an- 
alogy to iron in several particulars nickel and cobalt would very 
likely behave in a similar manner, I next made a trial of those 
metals. Nickel proved to ba about on a par with iron, cobalt not 
so good. I subsequently ascertained the relative potentials of the 
principal metals, and carbon when immersed in hydrate of potas- 
sium, to be as follows, commencing with the most negative :*— 



Silver 


. • 


. 


Carbon 


. . 1 


. 8 


Platinum . 


• 


. 8-25 


Gold 


1 . 


. 8-5 


Steel 


• 


. 9-5 


Soft iron . 


• 


. 10 


Nickel 


• • 


. 10-25 


Cobalt . 


• 1 


. 12 


■ 

Copper 


• • 


. 14 


Arsenic . 


• . 


. 35 


Tin . 


• a 


. 52 


Lead 


• . 


. 53 


Zinc 


• « 


. 60 
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Silver is, therefore, the most powerfiil negative that can be used 
with a potash solution. Iron behaves in a similar manner with 
hydrate of sodiam, bat is, as far as I can discover, electro-positiye 
in all other solutions. 

The disadvantages attendant on the use of carbon plates, viz., 
their costliness, liability to fracture, and the very great difficulty of 
making a good and lasting contact, which has been so much com- 

m 

mented upon during the late discussion on galvanic batteries, are 
thus, by the substitution of iron, entirely done away with. A plate 
of carbon of the size used in No. 3 Ledanche costs at least Sd,j an 
iron plate scarcely a farthing. The carbon plate, after a time, 
becomes useless, owing to breakage or failure of contact. In caustic 
potash the iron does not rust, and will therefore prove lasting, and 
the binding screw can be cast into the plate so as to insure a good 
and permanent connection. True, that it will take twenty-one iron 
cells to do the work of twenty carbon ones, but if a slip of silvered 
iron — the cost of which would be but small — is used for the collect- 
ing plate, that objection also vanishes, and'we are in a position to 
dispense altogether with carbon, having obtained a much more 
e£Bcient substitute without additional expense. 

Frequent reference has been made to the scaling and ultimate 
failure of the porous cells used .in the Leclanche. I do not find 
that anything of the kind occurs in the potash battery. There are 
on the table some porous cells which have been in use for eighteen 
or twenty months. Though somewhat discoloured, there is no 
appearance of deterioration, and I. should have no hesitation in 
nsing ' them again. Another advantage possessed by the potash 
battery is that the broken carbon contained in the porous cell, not 
having to be separated from any exhausted peroxide of manganese, 
can be used over and over again, it being only necessary to give 
it a good washing. 

Now, as to cost. Mr. Walker states the expense of maintaining 
the Ledanches in use on the South Eastern Railway to be 7d. per 
cell per annum, exclusive of wages, travelling expenses, &c. The 
potash battery will consume, when working on a busy line, about 
8 oz. of potash in the year, the cost of which is l|cZ. Pyrogallic 
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iicid, when bouglit in quantity, in about Id. an oz. It ia exceed' 
iugly light stuff'; four of these bottles, as you see, being required 
to contain I oz. ; and so little of it in required that one farthing'i 
worth will be ample for half-a-dozen cells. Nitrate of cobalt i 
about the same price, but more of it is wanted to Bcciire the pel 
maneney of the battery. As the iron plate, porous eel], and broke 
carbon can be re-utilised, one thrthiug, to cover breakages, will i 
sufficient for those items. Mercury is not required, and, allowin 
3rf. for zinc, we have a total of a fraction of a fartliing over 5i 
But the chief saving would consist in the smaller number of eel! 
required to do the work, especially on closed and busy short circuit 
In one instance, six soda cells without pyrogallic acid replaced o 
a closed circuit 12 Leclanches, with satisfactory results. 

When the potash in solution has been changed to carbonate t 
potash by the absorption of carbonic acid the efficiency of th 
battery ia greatl/ impaired. It may, however, be restored withoi 
changing the solution by dropping a small quantity of quicklime- 
slaked may be usetl, bat in larger proportion— into the cell. Tl 
lime takes the carbonic acid from tlie potash and sinks to til 
bottom as carbonato of lime. Its presence does not interfere wit 
the action of the battery. 

Having enumerated the advantages of hydrate of potash, it , 
but fair to add that its deliquescent and caustic properties render. 
unpleasant stuff to handle, but as the solution can be renewed max 
times by means of lime its use after once setting up the bat 
would not be necessary except at long intervals. 

Most of the preceding remarks apply equally to hydrate of^ 
sodium, bnt as that salt causes local action, and, owing to its 
creeping propensities in a dirty battery, loses its strength sooner 
than the potash, I have preferred to use the potash salt, though 
the dearer of the two. The soda, also, does not act with nitrate 
of cobalt. 

It was my intention to have had on the table some cells repre- 
senting the different combinations I have described, together with 
an instrument with which to test their relative strengths and con- 
stancy. Bnt, being most unexpectedly called upon to read my paper 



this evening, I am compeKod to forego the pleasure of giving you 
1 practical illnstratioii of the results of my esperimenta. 

Mr. HiGGINS, having called attention to two thermo-electric piles 
ofM. Clamond of Paris, in operation on the table, said: — I have 
brought two of these piles here this evening, and will give a de- 
scription of the manner of their construction and capabilities. These 
two small piles heated by gas are similar in principle to all others, 
Qo matter how they are heated. The bars are composed of an alloy of 
intimony and zinc, into tlie ends of which are cast strips of common 
tiuned sheet-iron, The manner of making the joint between the 
iron and the zinc-antimony alloy is claimed as an important im- 
provement, which assures the constancy of the pile. This alloy, 
wLcn sufficiently heated, though slighly inferior in olecti'omotive 
force to the alloy known aa Marcus metal, gives a greater quantity 
of current, on account of its higher conductivity. It is also less 
crystalline and brittle. 

The manner of heating is calculated to develop the fill] power 
obtainable. A refractory earthen tube is maintained in a red-hot 
state, by a number of small jets of gas mixed with air, to form 
BuDsen's flames issuing from it. The radiation from this tube is 
tlirongh the bars, and therefore, while the inner ends are being 
maintained at a temperature of about 400° Fah., the outer ends are 
■t about 200°; the latter are also blackened to facihtato radiation as 
much as possible. Nothing else is necessaiy ; if the difference be 
greater very little economy of fuel will result, because the extra 
beat absorbed by the pile would have to be provided by greater 
consumption of gas, while the destruction of the bars might be 
cansed by the extra vibratory strain put upon them. 

The bars are made as homogeneous aa possible, by being east in 
moulds, heated almost to the melting point of the alloy, and being 
sllowed to cool but very slowly. The layers of bars are separated 
icmn each other by asbestos rings, and the spaces between the bars 
;■.' also filled in with the same material. The tinned sheet-iron 
' 'iinection is in the form of a hinge, and quite sealed up inside the 
alloy. It is prevented from touching the side of tJie bar, against 
wbidi it is folded, by a slip of mica. 

VOL. IV. N 
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Tile preaaure of gas is kept coiiatnut by a small regulator, wliit^v 
is similar in principle to those used in street-lamps, except in having 
the valve supported by a bell floating in water, instead of by a 
membrane. Tlie lattor is preferable, because of the danger of the 
water evaporating unless regularly supplied. 

The tube should become a light-red throughout. If heated irre- 
gularly, the cuiTont from the properly-heated portions of the pile is 
not assisted by tlie cold parts, but diminished in quantify by passing 
through tihem. 

These piles were, I believe, first applied to telegraphic purposes 
by us. Two, of 242 and 251 bars respectively, one of which is 
here, were connected in series and put in place of the following 
batteries : two sets of 20 telegi'aphic Daniell's on two lines, worked 
with permanent currents ; two sets of four Leolanch^ cells working 
the Morse instruments in connection with these two lines ; and six 
cells bichromate battery, furnishing a constant current for a line 
with three Morse instruments in circuit — total = 54 cells. 

They have been working since tlie 5th of November last. There 
are 108 signalling instruments altogetlier on these lines. Slight 
interruptions have teken place from bai's having been broken. No 
stoppage would be causetl if a breakage were known of and re- I 
paired at the time of its occurrence ; the parts could be made to I 
touch, until the plate had been bridged over ; but if neglected thoj 
fractured sur&oes become covered with a film of non -conducting 
oside. 

The potentials of these two piles were 12 volts, each, andintemtl 
resistance 4'50 and 6 ohms respectively. That is about 20 bars to^ 
Daniell's cell, with a resistance of half an ohm. As there is no pola, 
isation, these batteries can be employed up to the limit of the! 
capabilities. One could work more than a dozen ink-writing Mord 
insti'uments, even supposing all the circuits were closed together, i 

The consumption of gas is from 9 to 10 cubic feet per hour, 
argand flame, consuming the same quantify of gas per hour, prd 
duces very h'ttle power, and if the pile be heated by the hot i 
from the flame the current produced is very amail indeed, 
appears that notlung but radiant heat will produce a good efteci 
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Tlieriuo-electric piles of this deHcriptioii arc not well suited to 
replace batteries like tlie Leclaiich^ and Marie Davy for telegraphic 
purposes, for where such elements are in use it is evident tliat if 
lliej do the work required of thera well the actual quantity of 
electricity used must be small ; neither could they be advanta- 
geously used where there are very few batteries. But in gi-eat 
telegraphic centres, where space is valuable and a number of lines 
can be served by the same battery, they may perhaps be useful. 
The danger of interruption of a number of lines resulting from the 
occurrence of an earth-fault on one would be very slight, on 
account of the low internal resistance of the pile. 

A pile of 100 Daniell's potential would have a resistance equal 
to 25 ohms, A line with a leakage offering so low a resistance 
as that Would necessitate in any case a special battery arrange- 
ment to suit the circumstances ; therefore its removal from the 
universal battery would cause no inconvenience. 

For submarine cables, using apparatus requiring a great quantity 
of electricity, they would be found convenient, and in cold places 
could be made to serve as stoves. 

I have made some measurements of tJie larger piles, which serve 
to show that the heating by gas is more uniform on a small than a 
large scale. (See table, p. 185.) 

There are several disadvantages attending tlie use of gas, such 
.I.* the difficulty of obtaining it always of the same quaUty; its 
great cost ; and the loss which occurs owing to a portion being 
L'arried into the air (or up tlie chimney) unconsumed, by the draught 
created by the red-hot cylinder. 

At the same time this upward current, though partly necessar^- 
tbr the combustion of the gas, cools the inside of the pile and the 
uuLdde of the heater. 

These defects ai-e entirely remedied in the piles heated by coke 
nr charcoal. The stove, which is simply a cast-iron tube open at 
both ends, is placed inside -a pile at a distance of about two inches 
from the bars at the top and bottom, but a little more at the centre, 
on account of tlie radiation thence being greater than from the 
ends. Tllc annular space is closed at the bottom, to prevent the 
iieated cylinder and the inside of the pile beuig cooled by the cur- 



rent of air, which would be otherwise caused. A conical tubOj 
closed at the top by a movable cnvor, contains several hours' suppl; 
of coke. The larger end of this tube being downwards and 
reaching to within a short distance of the stove, permits the coka 
to fell readily into the fire. The lower edge of the cover is plunged' 
in a luting of sand to prevent the combustion of the reserve ol 
coke by stopping the draught in that direction. The outer casing, 
which ia about two inches distant from the supply tube, is pierced 
for a chimney-pipe, adjusted to give the necessary draught A 
damper is pro\-ided, with piles equal to 80 Bunsen's ; a larga: 
indicating galvanometer is added, with the needle arranged to 
arrive at zero when the maximum power the pile should give is 
attained. This galvanometer is permanently connected with aboai 
ten bars, disposed in different parts of the pile, and shows the 
of the heating at all times. 

A man accustomed to this work would find no difficult in 
keeping in order piles equal to 500 Bunsen's, and tlie coke con- 
sumed would be about (mean size elements 3,200 per pile=8( 
cells) 48 lbs., cost 7^(7. per hour. The increase and decrease (^ 
power from a change in the fire of these piles is very slow indeed. 
On account of the stove being well inclosed its Iieat can only ha 
given off to the air through the bars of the pile. In the gaa- 
heated piles, if the gas be extinguished for a minute the power 
becomes greatly diminished, because of the rapid cooling of tha 
interior by the air. 

In a discnssiou on telegraphic batteries it might be a little out 
of place to speak of the application of these piles to the depositioB 
of metals, but, as the weight of metal deposited is lo a certain extent 
a measure of the quantity of heat converted into electricity, it may 
be useful in determining the relative values of these and othelf 
generators of electricity. 

Taking the coke pile of 375 bars, with an internal resistance 
4'49 ohms, and potential of 14'6 volts., and electrolytic solution 
0'04 ohms resistance (8^ feet surface), the quantity precipitated 
per hour would be 56*68 grains. A potential of half a Daniell is 
cient to precipitate copper, therefore this result may be multiplied 
by 29"2 (poteutial in volts. x2) to aj'rive at the quantity of cop[>ei 
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the pile could deposit if the sectional area of the liquid were 
iucreased to diminish the resistance iii proportion to the reduced 
potential. The quantity will be 1,713 grains per hour. If we 
consider the adke to be pure carbon, and the consumption necessary 
to precipitate 1,713 grains of copper be 14,000 grains, 8-172 grains 
of coke are consumed for each grain of copper precipitated. From 
tlie combining equivalents, 14,000 grains of carbon should displace 
about 74,600 of copper. As a quantity equivalent to only 321 
gi-aius of carbon is precipitated, it appears that the useful effect is 
oidy what is due to the combustion of 2'29 per cent, of the carbon, 
and the loss 97'7 1 per cent. But it is probable that the actual loss 
is much less than this, because the coke used is not pure carbon, 
but eoutains a quantity of incombustible ash, and probably a lower 
potential than half a Daniell would precipitate copper from a solution 
of the sulphate. With the electro-magnetic motor which I have 
here the lifting-power of the pile of 90 large bars, consuming 10 
fi-et of gas per hour, is 40 lbs. 1 foot high per minute. The coke- 



burning pile could, therefore. 


lift about 9,600 lbs. 


1 foot high per 


hour at a cost of less than ^d. 


This ia only the result which would 


be obtained with motors of this form. It is far from utilising the 


fall power of the pile. 






No. bars, Rea. cold 


Hot. Potential 


p«rlioi]r. 


242 small . . 3-39 


4-50 12-0 


9 it gas. 


231 „ . . — 


6-50 11-0 


9 „ „ 


262- „ . . 3-6 


5- : 15-0 


10 .1 >, 


90 large . . 


0- 9 4-0 


1» 1. ,. 


1,150 small . . ~ 


20- 32-8 


50 „ „ 


Same with heating impr()VBd — 45*0 


40 „ „ 


400 large . . 3-04 


4-35 18-5 


37 „ „ 


1,250 small, 


340 62-0 1 




1,150 „ . . 


315 50-0 i 


73 „ „ 


375» large . . 3-10 


4-49 14-6 


21b8. eoke. 


15 Grerman silver and iron 


pairs . . 1 Clamond's pair. 




bridge, tlio upper and 


kmrportiDiie baring lieou mnde to balance. 
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Deflection obtaine<l by passing current tlirongh a wire fixed ov<fl 

galranometer needle from 1 5 German silver and iron 5**. V 

,, ,, 1 Clamond 4°, U 

This shows that the resistance of the 15 German silver and indl 
pairs is less tlian 1 Clamond's. M 

Length of large bare 2'5 inches, mean sectional area 0-88 fl 

„ small „ 2-0 „ „ „ 0-26. J 

I think the uniformly lower potential obtained from large pileM 
ia due to the asbestos rings being made of greater width than i^M 
the small piles, and ao preventing the outer ends of the baiH 
becoming so much cooled as in the latter. fl 

Mr. Alfred Smee, P.R.S.: I am qnite unprepared to makfti 
any observations before auch an assembly as this, but as you have 
called upon me I will state a few things which occur to me at the 
moment. In the first place I think sufficient allowance has hardly . 
been made from what I have seen for what I may call the natnrall 
history of the voltaic battery itself. In the first place we mayC 
notice that all the batteries which are in use have their source anfl 
power ft'om one and the same cause, viz. the attraction of the ziiidS 
for one element of an electi'olyte — water. Now taking that as t 
primary condition of a battery you will perceive you can get i 
more power than what Is obtained from the amount of zinc wbicl^l 
is dissolved. In a perfect battery you may obtain by zinc aim 
the exact equivalent of power for the matter consumed, in fact t 
a greater extent I believe than by any mechanical force ■whioS 
now exists. I have tested this at the Bank of England in depoaidnn 
the plates from which the bank notes are printed. I have day \ 
day and hour by hour taken the amount of consumption of zinc t 
power obtained, and I can hardly find tliat any perceptible power 
ia lost. If we take a piece of zinc, bein^ a good piece of zinc, 
we obtain as nearly aa possible the amount of deposit by chemical 
equivalence wliich ought to be deposited. I think I may chal- 
lenge any other natural force to give us ao esact an amonnt of 
work for the source of power which originates in the battery, viz. 
by the attraction of zinc for the oxygen of the water. Bearing 
that in view, we have got one element in the consti'uetion of all 
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batteries, whether for tlie electrotype process or for electric telegraph 
purposes. 

New in the use of zinc you must be very careful to see that the 
zinc is of good quality. The quality of the zinc for the work to be 
done 18 of primary importance, for if it contains tin or other foreign 
materials you will lose a very largo part of the force whieh you 
ought to obtain. Taking tolerably pure commercial zinc, well 
amalgamated, putting it by, and then re-amalgamating it in dilute 
sulphuric acid before use, you may obtain the greatest amount of 
power possible over any other mechanical power, and it is no use 
saying a battery will last a long or a short time because you must 
have that zinc dissolved ; and if you say that yon have used the 
battery and it has not consumed much zinc we may put it down as 
an axiom that it has not done much work. In the second place you 
have to dissolve the oxide of zinc which is formed. In all ordinary 
batteries you must have a certain amount of water to dissolve it, 
and, if you say you have got a small battery which has done certain 
work, that is as much as to say you have had 50s. change for a 
sovereign. You have not had it. K you have to do work with a 
battery it is essential that the oxide of zinc should be dissolved 
and got into solution, and therefore the magnitude of the vessel you 
have is literally the test of power. To such an extent is it the test 
of power that at the Bank of England we use a common hydro- 
meter by which we roughly estimate the zinc dissolved ; but I have 
made a hydrometer by which we can tell how many grains have 
been dissolved to a definite quantity of solution, and I can tell on 
the other side of the instrument how much in thickness of copper 
has been deposited per square inch. To be able to do that it is 
absolutely necessary you should have a certain amount of Huid 
to dissolve your oxide of zinc. 

Now all these batteries tell me on the table, without going into 
e.xperiments, that it is quite impossible you, aa electrical engineers, 
can require any large amount of work to be done in each respective 
cell, and I ask you, when we see that, how you are obtaining your 
power under economical and easy circumstances P It has been 
stated to-night with great propriety that hydrogen becomes an 



electrical-positiTe and interferes with jour battery. I will give 
you a beautiful es|>erimeiit illustrating that. Take a bit of coke 
from your fire — a bit of cinder — dip that into dilute sulphui'ic.acid,, 
then apply a piece of ztne to it. You find no gas has been given' 
off for some time. Why is that ? The gas is absorbed by the coke. 
It IB absorbed by a bit of chai-coal in the same way. After a time 
yon find that the piece of coke will begin to evolve hydrogen. 
Keep that piece of coke three or four days and throw it into a 
solution of sulphate of copper ; you will find tiie coke covered with 
copper, showiug that the hydrogen has been absorbed by the coke 
or by the charcoal, and retained in that sort of chemical com- 
bination wliich enables you to reduce metals from their solution 
with great facility. That is a principle wliich acts in the coating 
of platinum finely divided or spongy on any other metal, and I 
made the suggestion, so to apply it, a quarter of a century ago as 
applicable to the coating of other metals. You see after the coating 
of spongy or black platinum that the hydrogen no longer adheres to 
the coke, but is immediately evolved. If therefore you use a veiy 
small pole of some platinized surface which would yield that hydro- 
gen tlie moment it comes in contact with it, you will obtaiu a. 
battery where for the amount of fluid used and amount of zinc 
dissolved you obtain the best result which it is possible for any 
human being to obtain under like circumstances. 

Now, when sulphate of zinc is formed according to Graham's 
beautiful laws of diffusion, that sulphate of zinc is difliiHed through- 
out the surface. The sulphate of zinc or anytliing else formed in 
that mode subsides directly to the bottom ; and hence in making 
the large plates for the ordnance maps they have a tank so deep 
that the sulphate of zinc formed sinks to the bottom of the tajik 5 or 
6 feet high, and the upper part is always relatively in the same state 
with regard to the sulphuric acid it contains. 

Having dealt first with the positive pole, then with the Negative, 
and then with the quality of the acid solution, we have taken a 
greater part of the difficulties in the maintenance of a battery, and 
I can but think, if telegraph engineers would use but a small wire 
in place of their large cells, and if they would use strong glass 
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vessels which cannot break, and use simply a strip of zmo and this 
small platinum wire for a few cells, they would find a more com- 
modious instrument for their purpose than any yet adopted. 

I have devised many forms of instrnments fijr various purposes 
and for particular objects. I will take the one devised for the 
working of the great clock in the Exhibition of 1851. That clock 
required a great deal of power. It iiad to work rather extensive 
works, and had to do a large amount of absolute battery work. In 
that case I put the sulphuric acid and resulting sidphate of zinc in the 
upper part, and surrounded the outside with silver, platinized. But 
even in that case that difficulty wliich I pointed out of perfect dif- 
fuaion was so great that sulphate of zinc formed about tlie cell, and 
the battery did not do the utmost amount of work which it was 
capable of doing ; so I fell back upon some of the primitive 
designs. You can have no more work done in a battery than is 
dependent on the amount of zinc consumed. You can have no more 
work than what the fluid in the size of the battery is capable of dis- 
solving the resultant sulphate of zinc, and yon can have no more 
power than what you obtain by the evolution of the hydrogen at the 
other end. If you do not work all the batteries together, one 
battery, if exhausted before another, becomes a decomposing cell. 
Therefore, if you want a battery to last a long time, you must 
calculate the amount of work required, you must calculate the 
'iiiiDunt of zinc to be dissolved, and you must calculate the 
'iiimnt of fluid which is necessary to dissolve that zinc, and then 
aviog done that you will have done, in my estimation, all that 
citn be done in a battery, and you will obtain the greatest and 
ingest continued ]iower at tlie least possible expense and with tlie 
!"^st possible trouble. 

Dr. C. W. Siemens, F.R.S. : I have listened with great pleasure 
I'j Mr. Smee, whom we look upon as one of the fathers of the galvanic 
I battery, and I may say that I agree with him in most of his remarks. 
I Mr. Smee maintains very properly that the zinc consumed is the 
I true indicator of the power which the battery gives off, and that his 
I battery leaves nothing to be desired as regards- economy ; but in 
I practical telegraphy we have other conditions to fulfil : we require 
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a constant battery, and for that purpose we must provide the meaoH 
of getting rid of the hydrogen ou the negative pole as soon as it 
is formed ; in other wards, we iniist get rid of poIarisatioD, which is, 
as is well known, a very disturbing element in the Smeo battery. 
Mr. Smee recommends us to platinise the surface of the electro- nega- 
tive plate, and I may say, from my own experience, I have found 
great advantage in doing so. Some years ago I experimented with a 
carbon-zino battery, and foUnd the greatest possible advantage from 
platinising the carbons in it. lalso tried a deposit of peroxide of lead 
upon the carbon, which produced similar advantages of increased 
electromotive force and reduced polarisation. Still for telegraph 
work, where we deal with currents of intensity, and witli nice 
adjustments, constancy of action becomes a principal consideration, 
and it is on that account that we are led to adopt apparently more 
complicated arrangements, such as the Daniell or the MariiS Davy 
battery. 

I listened also with great interest to the remarks of Mr. Higgios 
regarding another form of battery, which is a very interesting one, 
and which, although it is very proj^erly brought before us as a 
decided novelty, is, I may aay at the same time, the cause of my 
first success in life. Thirty-two years ago, when 1 first came over 
to this country, I had an improvement in electro-plating, and on 
going to the Patent Office I was told if I used the galvanic battery 
my improvement would not be looked at. It then occurred to me 
that other sources of electricity might produce the same effect, and 
my thoughts tell upon tlie thermo-battery, 1 then made one, and 
got certain effects, which, however, would not for an instant com- 
pare with the effects we have seen to-night. Still it served my 
purpose in demonstrating we could obtain the desired effects with- 
out the galvanic battery, and Mr. Elkington remunerated me for 
my improvement. Owing to these circumstances, 1 naturally look 
with some affection upon that battery, and am delighted to see it 
assume at last a practical shape, and a shape in which, I think, it vriQ 
do well for galvano-plastic purposes. As Mr. Higgins states, this 
battery will probably not take the place of the galvanic arrangement 
for purposes where currents are active in great resistances, but for 



quantity-effect I really hope it will prove sucpessful. It might do well, 
for instance, for working electro-dynamic engines, and, although 
it seems abaurd to raise heat in order to work an electro-magnetic 
arrangement instead of a]iplying the heat directly i'or giving the 
powers, there are many cases in which it might be highly incon- 
venient to have a caloric-engine, but where an electro-motor might 
be usefully employed. It is no slight recommendation that this 
battery may be made to serve the purpose of a stove for heating a 
house or room, profwr arrangements being made for carrying off 
the products of combustion, and I am glad to see it taken up by 
men of ability. 

Mr, W. H, Preece said : Mr. President, I think it is very 
desirable, as Mr. Smee suggests, that the natural history of the 
battery should be considered by the Society, and that generally 
our proceedings should contain the history of the inti'odnetion of 
the various appliances required for telegraphic purposes. Now I 
will endeavour to-night to supply one or two facts connected with 
tliat history, but before I do so I .ihould like to make some obser- 
[ rations on the theory of the battery, because the scientific world 
! has been engaged in a battle as fierce as the battle of the_ gauges, 

(to account for the origin of the galvanic eiu-rent. The two 
opposing parties have been in contest on this point ever since the 
first introduction of galvanic electricity. Volta attributed the gene- 
ration of this force to the contact of dissimilar metals. Fabroni 
Ht tlie same time with many physicists suggested that the source 
of the power was to be found in the chemical action of the liquid 
upon the positive metal, but Volta and his followers were east into 
the shade by that great apostle of the chemical theory, Faraday, 
supported by tlie French physicists and generally by his English 
followers. The question has again cropped up ; modem physicists, 
among whom may be named Sir William Thomson, have intro- 
(luc-ed a theory which tends very much to render these two 
views practically one, Faraday brought forward a great many 
i-xporimenta, one or two of which Mr Sivcwright has explained 
and illustrated, to show that it is impossible to produce galvanic 
currents withoat chemical action. Mr. Smee commenced his 
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observations to-niglit by stating that tlie source of power lies in ti 
attraction which exists between zinc and the oxygen of the liqui 
in which it is placed. TJiere is no doubt the attraction or com 
bination that occurs between the molecules of zinc and tli« molecola 
of the liquid in which it is placed is a measure of the power, bt 
it by no means follows it is the source of the power. 

Now taking first the chemical view of the question, there i 
several great difficulties to be explained before we can aeoe^ 
purely and simply the chemical theory. There is no chemia 
affinity between zinc and sulphate of ziuc, and no chemical affinii 
between copper and sulphate of copper, but if you put these liquii 
together in the Daniell's cell we have a battery of well-know 
electromotive force. Again in the battery just described by ' 
Siemens — the De La Eue battery — we have three oonditionB whi^ 
in a quiescent state indicate no chemical action whatever, but 
you join opposite poles you get a current and all the effects i 
galvanic electricity. Again in Leelanche's batteries there is i 
local action implying affinity of elements, and yet yon get a str 
galvanic current. 

Now the supporters of the contact theory say that the difFereni 
of potential, which determines the current, is not due to the chemia 
affinity between the negative element and the liquid, but to tl 
contact between the dissimilar bodies which constitute the ee 
If there is one fact in ■ the whole range of physical science mo 
determined and better known than another it is the fact that wh< 
two dissimilar bodies are brought together these bodies have 
difference of potential determined between them. It matters i 
whetlier it be metale, or liquids, or gases, two dissimilar bodie 
whatever their physical state, when brought together invariably" 
have a known and determined difference of potential between them. 
This fact lies at the base of all electrical phenomena. It is the 
basis of what we know as statical electricity as well as of Voltaic 
electricity. 

The question therefore arises : What is chemical affinity ? Ad- 
mitting the fact that contact between dissimilar bodies determines 
a difference of potential, and that a similar contact produces 



iiLuical affinity, if we say that this chemical affinity is merely a 
liilibrence of potential, all the difficulties are swept from our path, 
all questions of dift'erenee are set at rest, and we arrive at the 
conclusion that this great battle which has occupied the electi'ical 
world for more than half a century is simply a battle of words. If 
you take the great supporter of the chemical theory, Faraday, and 
if you read what he has said upon it, and simply substitute for the 
words "chemical affinity" the words "contact, difference of 
potential," you will have the explanation of tlie theory pi-ecisely 
in the same way and words as now explained by Helniholtz, 
Sir William Thomson, and the other supporters of the modern 
theory. The objection raised is this, tlie contact theory is opposed 
to the science of energy. Tliough it is difficult to see why 
flie mere contact of a piece of copper and a piece of ziuc should 
determine a difference of potential, yet the eye of the mind can 
enable ns to see in a lump of zinc a great store of energy. We 
know when zinc oj-e has been melted and formed into metal an 
enormous quantity of energy remains in the zinc in a. potential 
state, and it only remains for us to explain how it is that this 
energy which we know to exist can be evoked by a contact of 
llieso two metals. Of course when we have to peer into invisible 
ivgions it is difficiJt to explain phenomena that require a consider- 
able amount of education to understand ; but if we once conceive 
that all the molecules of which bodies are constituted, — if we conceive 
that the molecules of a piece of zinc and a piece of copper are in 
motion in different orbits, and their bodies when brought together 
jiroduee a clash of atoms, there we have conversion of energy, there 
i^ tliis difference of potential between those two bodies. But there 
!~ not only difference of potential to account for in a galvanic cell ; 
—we must not only have something to start the ball rolling in tlie 
first instance, but. something to keep it rolling. The modem 
theorists say it is contact of dissimilar bodies which determines ■ 
difference of potential and starts the ball, while it is chemical action 
wliich steps in to keep the ball roiling. We have thus a clear 
acooant of tlie theory of the battery, and one which eoincidca with 
idl the explanations given by the rival theorists. 



One immense H<lvantiige of thia theory is that it settles n 
number of vexed questions which have long worried the minds of 
eleotriciane. I would ask is there any man in this room who is 
satisfied iu his own mind with the explanation of the effect of amalga- 
mation given generally in tfixt-books. Some say it is a mechanical 
effect, others say it is chemical, and others that it is electrical ; 
but none agree as to the real cause of the effect of amalgama- 
tion. One fact is certain, namely, that the irregular action which 
takos place in batteries is due to impurities in the zinc. Let ut 
take a piece of zinc (illustrating on the board). There is a section 
of a piece of zinc Let us suppose we have a piece of tin in it. 
Now when you have a piece of tin in contact wiUi a piece of zinc 
you have two metals in contact. There is a difference of potential 
between them. The one becomes phis, the other minus; and if 
they be iinmeraed in liquid we have the conditions for chemicBl 
decomposition. The liquid which is dissolved attacks the zinc, and 
we have an element wlueh works and which tends to destroy the 
plate. If instead of immersing the two elements in liquid we coal 
them with a very thin layer of mercury, which practically is 
effect when we amalgamate the plate, we have these diaaii 
elements joined by a third ; we have three metals in contact, whidi 
at once tends to reduce the potential to equality ; the conditii 
decomposition are removed, and the zinc plate is protected froin 
the local effects of the impurities in the zinc, 

There is another vexata questio which still troubles us, that it 
polarization in batteries. We are troubled with that greatly in tha; 
battery of the form so well known by the name of the 
who has addressed us to-night (Smee). 

What is polarization ? It is simply the result of the contact uf 
dissimilar bodies. Contact of hydrogen witli platinum or carbon 
determines a difference of potential, and we have the elementB 
which establish the conditions of an opposing current. 

There is another curious electrical tact we may notice, which is 
of an opposite kind; that is, the passivity of iron. Iron when placed 
in nitric acid is readily attacked. If you merely touch it with 
piece of platinum this action ceases, the iron becomee passive, a] 
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caimot be attacked by acids. Why? Because contact of tbesD 
dissimilar bodies haa established a diflerenee of electrical condition 
between them, which prevents the so-called effect of chemical 
affinity. This principle was applied by Davy in hia sheathing for 
the bottom of ships, which suffered very much from the corrosion 
of the aea-water. He found attaching pieces of zinc to tlie copper- 
bottom of the ship had the effect of preventing this action. Why? 
Because contact of theae dissimilar metals determined a difference 
of potential ; the copper became In that condition in which no 
chemical affinity whatever existed between it and the sea-water. 
We have to-night had a very pretty experiment explained to us by 
Mr. Smee. Take a piece of coke and keep that coke at the pole of 
tlie battery, allow it to become charged with hydrogen, take it 
away and put it into a solution of sulphate of coppei', yon find 
a solution of copper deposited. Why ? Because it is just in the 
condition suitable for chemical affinity. 

I would, in the next place, say a few words about the forms of 
batteries ; and in the first place I would supplement the remarks 
of Dr. Siemens with regard to the beautiful experiments of 
Mr. De La Kue before the Royal Society by stating lliat that gentle- 
man, being desirous of carrying the experiments farther, applied 
to the Post Office authorities for the use of the ceils in Telegraph 
Street. We have a few colls in the New Post Office. We have 
some 23,000 in number. But there is some difficulty in getting all 
these 23,000 cells at work in one series, because we are never idle 
at the Post Office. The circuits are always at work. However, 
last Sunday, Mr. De La Rue, Mr. Spottiswoode, and two or three 
others went with me to the Post Office, and we succeeded first in 
getting 1,000 cells, which crept up by steps of 500 to 5,000 
cells. They remained in action for about an hour, and results were 
[irodnced which I cainiot anticipate, because the experiments were 
made hy Mr. De La Rue, and will form the subject of a paper to be 
read before the Royal Society on some early occasion. 
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The following Candidates were balloted for and declared duly 
elected : — 

As Foreign Members : — 
C. M. Forssman. 
P. Lutterman. 
H. a. Bohr. 
A. Suenson. 
C. P. Nielsen. 
Yaldemar Thomsen. 
W. G. Paulsen. 
T. F. Russell. 

E. A. Hansen. 

F. Henningsen. 
Julius Petersen. 

As Members : — 

Captain Marshall Hall. 
W. Macgregor. 
£. Riddle. 
A. W. Stiflfe. 

As Associates : — 
T. E. Dallas. 
S. F. Walker. 



The Meeting then adjourned. 
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Tlie Thiriy-sixth Ordinary (reneral Meeting was held on Wednesday, 
the 28th April, 1875. Mr. Latimer Clark, President, in 
the Chair. 



The President: We will now resume the discussion on Mr. 
Sivewright's paper, together with Mr. Bennett's paper on new 
forms of batteries. Mr. Bennett's paper was read on the third 
evening, and those gentlemen who spoke before are entitled to 
speak again. I will first call upon Mr. Preeoe to continue the 
observations which he commenced at the last meeting. 

Mr. W. H. Preece : I endeavoured on the last evening when 
we met to lay before you the views that are now entertained by 
leading physicists as to the cause of that force which is the origin 
of the current. I pointed out that it is not to the chemical affinity 
which exists between the liquid and the metal elements that we 
are to look for the cause of the electromotive force, but to the 
contact which exists between the dissimilar bodies which form the 
battery ; chemical affinity is more the efiect than the cause. It has 
been suggested to me that if chemical action is not present as the 
result of affinity, so that it cannot start the battery, how can it exist 
to keep up the action of the battery. My reply is simply this. 
Many of us after some of our meetings in this room during the 
recent cold weather have returned to our bachelor quarters, and 
have there seen in the grate a heap of coals, some wood, and some 
paper, carefully laid for a fire. There exist in these arrangements 
all the conditions for the consequence of the chemical affinity of 
the oxygen of the air and the coal, but we might sit till doomsday 
before that chemical affinity would visibly show itself without 
extraneous aid. In fact you cannot produce heat or light from 
those conditions till you set in motion the chemical affinity between 
the oxygen and the coals by striking a light or applying heat. In 
the same way in batteries, such as those where no local action takes 

VOL. IV o 



NEW FOHMS UF GALVANIC BATTERIES. [SStb i 



plauL', wo have all the elements of chemical affinity, but nothii 
more, because we liave uot apphed that starting force — tliat kick 
the ball — which is necessary to set in aetinn the transmutation 
energy growing into a current. This ia done by contact. 

I have one or two remarks to make upon the history of £ 
battery. _In any appliance of science to practice, or in any n 
chanical improvement of acioiitific applications, many minds in mi 
quarters suggest various forms, all of which caimot possibly ex 
Some are more profitable than, some are superior to, the ri 
and thus amongst the numerous plans which have been promulgat 
some have been jostled out of existence, and some still exist. No 
it is quite impossible in & discussion of this kind to give an acoura 
history of the battery. We can only select some of the i 
prominent points which mark certaiji epochs in the history of ti 
battery, epochs or periods which have determined certain typ 
that, with new forms of arrangement, constitute the various foru 
of batteries we have in use, and are examples of the survival of H 
fittest. Starting with the first idea of Volta, we come to t 
improvement in the action of the battery effected by the intn 
duction of amalgamation. The amalgamation of the zinc p!» 
was a great improvement, because it determined to a considerafc 
extent the sad waste of material which occurs in batteries of til 
single-fluid type which have not their zincs amalgamated. 15 
next great step in the single-fluid batteiy was the adoption of ti 
platinised silver plates oi' Mr. Alfred Smee, whom we had ti 
pleasure of hearing on the last occasion we met, the date of th 
introduction being in the year 1836. We next come to a grel 
epoch in the history of the battery, viz. — Daniell's great imprort 
raent, by which electrical polarisation from the effects of th 
deposition of hydrogen upon the negative plate was remedial 
After Daniell another great improvement was that of Grove, ivi 
by the substitution of nitric acid for sulphate of copper and platinifl 
for copper increased the strength of the battery eight tim 
Tliese are the principal epochs of the improvements in batteriesf 
the world of physics ; when we come to the telegraph or m 
practical world the improvements are not numerous. Many h 
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ivill remember tliat when tiie telegrapli was first introduced we 
were satisfied with Mr. Smee's form of battery filled with sanil, but 
about the year 185i! a very great improvement, one of tlie greatest 
improvements the telegraph world ever produced in batteries, was 
introduced by Mr. John Fuller, There are many men whose 
lights have been hid under a bushel, and there are many persona 
in this room who probably have never heard the name of Truman 
in connection with gutta-percha, or of Bedson in connection with 
iron wire. In the same way many outside the telegraph world 
have not heard of Jolui Fuller ; but no man has done more to raise 
tlie battery from the position it was in in 1853, to its present 
position, than John Fuller. He adopted in telegraphy DanieU's 
ftirm, but with this improvement, instoad of using amalgamated 
'.iiic plates he placed a zinc plate in one of its own salts, in fact 
tiie zinc was placed in a solution of sulphate of zinc and the 
. rapper was placed in a solution of sulphate of copjjer. By this 
means amalgamation was avoided, and also by the peculiar form 
introduced we succeeded in using the same ti'ougli form of battery 
iviiich was employed for tlie sand-batteries. The only other 
improvement made in the form and character of the batteries tised 
fif telegraph purposes in England and English speaking countries 
'^ Ihat of Leclanch^, and certainly the Leclauche battery for the 
imrpoaes for which it is intended to be used is one of the best, 
latleries yet brought before our notice. There are many other 
kinds of batteries tried, many are still under trial, but in point of 
i'ai^t, in an English system of telegraphy, whether applied by the 
I'uit Office or by railway companies, there are only two forms 
"f battery generally in use, viz., that of tlie ordinary sulphate 
"iiii of FuLer and that of Leclanohe. I might say in passing 
.:i'ie are more cells in existence of tiie sulphate form of battery 
lii which I allude than of any other form in use in any other 
oountry. In fact the number of cells in use is not to be numbered 
by thousands, but by hundreds of thousands. 

The gravity battery is a battery extensively used, and is in 
.-'■Jit favour on the continent and in America. In the year 1853 
'ii-. John Fuller intixiduced the gi'avity battery, and in 1854 
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Mr. Yarley patented it in ignorance of the &ct that Mr. Fuller' had 
previously introduced a similar form of battery. This gravity 
battery, owing to its defects, was discarded in &vour of the form 
we have now in use. But in 1861 M. Callaud in France introduced 
the same form, and this was varied by Meidinger and others ii 
Germany, and by others in other parts of the continent. As no^ 
used it is more generally known by the name of the Callaud battel^ 
than under the name of the gravity. 

It is impossible to run through the list of the various formj 
of batteries. There are in point of fact three types or two classes 
— the single-fluid and the double-fluid, but it is a difficult thing 
now to class batteries in these categories. One of the best modes 
of typifying these batteries appears to me to take, not the liquids 
which compose them, but the mode in which the electro-polariza- 
tion eflects are produced or removed. Thus we can divide batteries 
into those which deposit gas, those which deposit liquid, and those 
which deposit metals, on the negative plate. In the first, those 
which deposit gas, may be placed the Smee form ; in the second, 
those which deposit liquid, the Grove form ; and those in which 
metals are deposited are typified by the Daniell form ; and these 
three forms of batteries may be taken as types of the various forms 
in use. 
^ Now it must never be forgotten that a battery, of whatever kind 

it is, must bo especially adapted to the work it is intended to 
perform. It is because some men are accustomed solely to electro- 
typing that they cannot understand the use of such batteries for 
telegraphic purposes ; it is because other men are engaged all their 
lives in telegraphy that they cannot understand why such batteries 
are used for electrotyping purposes. But we must remember 
batteries vary in different functions. One battery varies firom 
another in electromotive force, in internal resistance, and in 
constancy, and in what is important to us practical telegraphists? 
in cost. We want to have batteries to work long and short 
circuits; we want batteries to work local circuits, to work the 
l)locks on railways, and to ring bells in our houses. We want 
batteries to work the vast system of fast telegraphy that is 
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coining into use, and we want them also for duplex telegi-apliy ; 
and every one of these operations requircR a different battery, varying 
in eiectroDiotave force, in internal resiMtance, and in conataiiuy; and 
lience it is that people cannot comprehend why we ahould trouble 
OUT heads about so many difleront forms of batteries, from the 
simple tj'pe of Smea to the more complicated form of Leclauche. 

Speatiiig of the adaptability of batteries, it may be convenient 
here to answer a question which has been asked in the course 
nf thia discussion, that is, what is the law that is followed in 
fidapting batteries to the working of our telegraph circuits. My 
answer is, there ia no rule. Every circuit requires it own power. 
Experience and trial are the only means by which we know the 
proper power t«t be applied to a given circuit ; but in order to see 
wiiether there was any rule to follow I made some inquiries, and I 
fiiiind that in France tliey have laid down a rule — not a rigid one 
to be applied to every case, but a kind of general rule, to be a guide 
to telegraph engineers. Tiieir rule is, tliat to every 100 kilometres 
of wire 10 cells of the Marie Davy form should bo applied. I also 
Wut the rule adopted in India, and in India they have carried 
tbeoretical telegraphy to a high pitch of perfection. In India they 
liiii*e adopted this rule. There, owing to the extreme lengtli of the 
' iivuits, they use wires of various gauges. I have selected five, 
viu. Nob, 1, 4, 5^, 8, and 12^. Owing to the great contrast 
between the two seasons in India, the dry Heaaou and the monsoons, 
they have to provide for the difference of insulation of the line in 
those two seasons. Thus for 100 miles of No. 1 wire tliey use in the 
(Iry season 4 cells, and in the wet 6 ; for No. 4 in dry weather 
6 eells, in wet weather 9 ; for No. 5^ in dry weather 8 cells, in 
Wet 12 ; for No. 8 in dry weather 12 cells, in wet 18 ; and for 
No. 12i in dry weather 32 cells, and in monsoon weatlier 48. 

Now in order to get some idea of what we do in England under 
such circumstances, Mr. Eaton, superintending engineer to our 
central telegraph station, carefully extracted for nie the following 
information. The aggregate length of the Morse circuits working 
out of Telegraph Street is 6,(589 miles, and they are worked with 
1,003 cells, which give 6"5 miles per cell. Of the Wheatstone 
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automatic oirouits the aggregate length is 9,130 miles, worked with 
1,900 cells, or an average of 1 cell to 4'8 miles. Of duplex circuita 
the aggregate length is 9,918 miles, which require 2,440 cells, 
being one cell for every 4 miles, so that taking the same rule as in 
India we find that for every 100 miles the Morse circuit requires 
15, the Wheatstone 20, and the duplex 24 cells. We make no 
difference, however, in the number of colls used in dry and wet 
weather in England, simply because we cannot say that there is 
any distinction to be drawn between one and the other. 
* Having occupied your time so long, I will remark in conclusion s 
that we cannot say we have yet reached perfection in our batteries. . 
There is very vast room for improvement. We had an instance 
brought before us the other night how experience and application » 
can search out defects and improve batteries, and, if other members \ 
would follow the same course which Mr. Bennett has taken, the j 
probability is we should succeed in eradicating from batteries many I 
of the defects which now exist. For instance, with the Grove's 
battery, why should we be compelled to clean it every day while 
the Callaud battery needs attention but once a week? Why should 
we have sulphate batteries which want attending to monthly, while 
the Leclanch^ is satisfied with attention yearly ? The ideal battery 
is not yet in existence. Many minds in many quarters are directing 
attention to the various defects in batteries, and it is in this respect 
that our discussions do so much good, not only in this room but 
throughout the globe, by the Journal which is circulated amongst 
our members ; for, inasmuch as the contact of dissimilar bodies in 
a battery produces the power by which they are set in action, so 
the contact of many minds produces a current of thought which 
must result in the improvement of the battery and the furtherance 
of our profession. 

Mr. Warren De La Rue, F.R.S. : I am very happy to respond 
to the President's call, but if I may be permitted I would in the 
first place ask a question on the very interesting remarks which 
have just fallen from Mr. Preece ; a question which I think has a 
practical bearing on the subject of telegraphy. I would ask whether 
any experiments have been made to ascertain what quantity of de- 
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composed water is represented per letter or per v.ri I- tc^^^^iTs}! 
messages, because, if (say) 100 oefls are em^^vjed m rnr^,a^ — y 
a message a long distance, and if one cell wZl xxmnsch h a ^or: 
distance with the same electroinotiTe fartit and a itm reHaaee. 3 
would be interesting to know what is the afaecCote eriiw po.e cf 
zinc per word, or per letter would be better, as tber are zht hlzi^ 
components of all words. The olject I hare in making tH^ bjz^-zirr 
is this, to ascertain if poeaible the actoal eonaimp<£c«i of 
when there is no loss by leakage, and which 
I imagine is very inoonsidaraUe. 

Mr. W. H. Pbsecs : No actoal e aperim ents that I TttfZetx hare 
been directed to that special pmnft; but we hare this fret, that 
in the Daniell battery, whether it is in action or not, little 
difference is observed in the consomntion of the matiriak In 
point of fact rather less consmnpftion takes {dace when the battery 
is in action than when it is not in action ; so that when we hare 
sach a condition as that it is almost impractieaUe to test the actual 
consumption of materials in the transmiasicm of any word or number 
of words. But with regard to the Ledanche battery, though no 
actual quantitative ejq)eriments have been made that I am aware 
of, we have arrived at the fwek that the consumption of materials is 
proportional to the work done ; that is, if a givoi quantity of zinc 
is consumed in sending one message, ten times that quantity would 
be consumed in sending ten messages. With the Daniell battery 
no such rule can exist because of the local action. 

Mr. HiGGiNS said that in the battery he described in his paper, 
and which was still working, he did not know what actual amount of 
local action upon the zinc was going on ; but the whole weight of 
sulphate of copper put in was 5 lbs., and when the battery had run 
out he could let them know what work that quantity of material 
had done. 

Mr. Wabren Db La Rub : It would be easy to introduce into 
both ends of a long circuit, and also into a short circuit, a little 
Toltameter like that on the table, and thus measure absolutely and 
independently of loss by leakage the chemical force expended in 
sending a given number of letters, and telegraph engineers would 
do good service to science and their profession if they would avail 



204 NEW FORMS OF GALVANIC BATTERDSa [28tih April, 

themselves of the opportunities at their command of making 
experiments on tl^is subject. 

The battery which I have brought here this evening is composed 
of very small elements, and I will sketch its arrangement on this 
board (illustrates). The battery of 1,080 cells in the cabinet is of 
this form ; the cabinet containing this number is a cube of 2 ft. 7 in. 
and the cell is a glass tube 6 in. long and | in. in diameter, with 
a rod of zinc 3-16 in. diameter and 4-5 in. long, passed through a 
vulcanised rubber cork perforated excentrically ; a flattened silver 
wire passes by the side of the cork to the bottom of the tube ; it is 
covered for a certain portion of its length with gutta-percha to 
prevent the action of the sulphur of the cork upon the silver, and 
its eventual destruction, and also to prevent accidental contact with 
the zinc by the bending of the wire ; in the bottom of the tube are 
placed 225;^ grains chloride of silver in powder. The upper part 
of the tube is filled to within 1 in. of the cork with a solution of 
common salt, 1 ,752 grains to the gallon (25 grammes to 1 litre of 
water), an equivalent quantity of chloride of zinc, or, still better, 
with a solution of sal-ammoniac (23 grammes to 1 litre). The con- 
nection between the adjoining cells is made by passing a short 
piece of india-rubber tube (not vulcanised) over the zinc rod of 
one cell and drawing the silver wire of the next cell through it, 
so as to press it against the zinc. 

In another form of battery which produces greater chemical action 
the cell is also a tube of about the same length, but 1 in. to 1^ in. 
in diameter, in which is placed a silver wire with a rod of chloride 
of silver cast upon it, and filled up to the same height with a solu- 
tion of common salt, or, still better, of sal-ammoniac. To prevent 
accidental contact between the zinc and chloride of silver a tube 
open at both ends is made of vegetable parchment, cemented by 
shellac varnish, and big enough to inclose the chloride of silver 
freely ; to keep this cylinder in its place, the flattened silver wire 
is interlaced through two holes made in the upper part of it for 
that purpose. 

One of these batteries would, if the total quantity of chloride of 
silver was reduced to metallic silver, evolve 1'6 litre (1,600 cub. 
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cent) of mixed gases. The battery with the chloride of silver in 
powder in the cabinet gives off 0*2 cub. cent, of gases per minute, 
with a voltameter having a resistance of 11 ohms. The other form 
on the table with the rods gives 3*5 cub. cent mixed gases per 
minute, so that the duration of the battery can be easily estimated ; 
for example, the powder battery would last 8,000 minutes, and the 
rod battery 457 minutes, if kept constantly connected up with the 
voltameter used, but if the poles are not in connection there is no 
chemical action, and the battery requires no attention. The battery 
now before you has been at work since the beginning of November 
1874. 

The total cost of the battery per cell is one shilling, including 
the stands to hold twenty cells ; the charge costs two shillings, at 
the rate of 4«. Sd. per troy ounce of chloride of silver ; but when the 
chloride of silver is reduced all that is necessary to do is to wash 
it with hydrochloric acid, then with distilled water, and, finally, to 
dissolve the cleansed silver in nitric acid, and to precipitate it again 
as chloride ; the loss of silver is very small. This battery has two 
of the attributes which all batteries should possess, that is to say, 
there is only one fluid, and the solid electrolyte (chloride of silver) 
is not acted upon until contact is made between the poles, conse- 
quently it requires no attention, and therefore I think it probable 
that it may be found of use in telegraphy, especially when leakage 
is reduced to a minimum, for I believe the consumption of electro- 
lyte absolutely necessary is very small. The waste from leakage 
of the lines is possibly fifty times as great as the proper consump- 
tion in an ordinary battery. 

This battery, however, was not designed for telegraphic pur- 
poses, but for carrying out experiments upon the electrical dis- 
charge in vacuo. In the year 1868 Mr. Gassiott asked me for 
advice on this subject, and I proposed this battery to him. The 
matter has been lying comparatively idle until the last few months, 
when the first 1,080 cells were put together as preliminary to 
experiments with 5,000, 10,000, and probably 20,000 cells, when I 
have no doubt we shall get very remarkable effects. We had an 
opportunity, through the kindness of Mr. Preece and Mr. Eaton, 
of making some experiments with a Daniell's battery at the Po»^ 
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Office during the few hours of leisure which occur in that active 
establishment ; by that means I was able to confirm a result which 
previous experiments had indicated, viz., that the discharge in air 
is in exact ratio to the square of the number of cells. It was 
measured by a very rough instrument, but it was accurate in its 
indications by the method employed. With 5,000 Daniell cells the 
spark jumped through the one««leventhof aninch; with 1,080 cells 
chloride of silver in powder it was only ^-q of ali inch ; so that 
with 20,000 cells we shall most likely have a spark 1^ inch in 
length, and some marvellous results. 

Illustrations of the battery were then given with lowered lights, 
and explanations of the various phenomena were given by Mr. 
De La Rue as he. proceeded. When the 1,080 cells were connected 
with Varley's accumulators, having a capacity of 47*5 microfarads, 
the spark produced was, he showed, sufficient to deflagrate 8 inches 
of platinum wire 0*005 inch at each discharge, while only to-oott^'^ 
of a grain of water decomposod gave the force necessary to pro- 
duce this eifect. 

I will now (said Mr. De La Hue) pass on to the battery composed 
of a rod of zinc, with a rod of chloride of silver cast on a flattened 
silver wire, and, instead of the stopper being made of vulcanised 
iTibber, it is made of paraffin. It has ten cells ; seven would give 
the same effect The quantity of gas evolved is about 3^ cubic 
centimetres per minute. The battery, as I before said, was designed 
with a view to experiments to throw light upon the cause of the 
stratification of electrical discharges in a residual vacuum, and 
having no immediate connection with telegraphy ; still it, might be 
interesting to the members of the Society to see the experiments. 

The experiments with 1 ,080 cells were exhibited in glass vacuum 
tubes of various dimensions, which were brilliantly illuminated and 
explained by Mr. De La Rue. The theory founded upon these 
experiments was that the stratification in some measure depended 
upon a series of impulses in the current, in addition to the 
continuous flow of the current, these impulses causing fluctuations 
in the quantity transmitted.* 

* See Proceedings of the Royal Society, No. 160, 1875. (This paper is giyen in 
rtenso in the Appendix.) 
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Mr. Arthur R. Granvil7,b : It is not my intention to take np 
mneli of the time devoted to tliis evening's discussion; but I shall 
be glail of the opportunity of referring to tlie theory of tho action 
of tlie galvanic cell (as regards tJie con tact- chemical question) in 
the production of the electric current. In Mr. Sivewriglit's papei" 
there occurs the following passage: "The latest theory which 
lias been advanced goes a long way towards reconciling the 
poiifiicting opinions which were entertained by the supporters of 
tlie contact and chemical theories. For it allows to the former 
that the initial action ia due to tlie simple contact of dissimilar 
bodies, and to the latter tliat this action can be maintained only by 
oheinism." Professor Fleeming Jenkin, in hia work on " Electricity 
mi! Magnetism," refers to the same subject in a similar train of 
reaaoning : for he says; "Perhaps" — and note he commences 
(rith a word expressive of doubt — " Perhaps it is strictly accurate 
In say that the difference of potential is produced by contact, and 
tint the current wliich is maintained by it is produced by chemical 
netion," 

Tlie meaning of these paragraphs evidently ia that the voltaic 
Bnrrent is momentarily generated by the difference of potential 
exintiijg at the point of contact between two dissimilar metals, and 
tiint aucb momentary current ia then prolonged or maintained by 
dieinism only ; just as a stone set in motion down a declivity by 
» kick is afterwards continued in its downward motion by the 
'irapla force of gravitation. 

Hy object in referring to this much mooted and vexed question 
i> li> point out tiiat this theory is not as bo explained the laiegt, but 
liint an important modification has been introduced, a modification 
lienring evident signs of soundness, and therefore worthy of beuig 
bAen notice of in the present discussion. 

A difference of potential being created at the point of contact 
between two dissimilar metals, one of which is immersed in a liquid, 
we have all the elements necessary fur the production of a current, 
if the conditions are favourable; and those conditions are fulfilled 
in an ordinary voltaic cell where both metals are immersed and the 
liquid closes the circuit. Fur, supposing the liquid not to act upon 
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the metals, it simply becomes a conducting medium through which 
the current, set up by the ** contact "—diflPerence of potential- 
flows in conjunction with the metals themselves. Such a current 
partakes somewhat of the nature of a charge at first, and afterwards 
resolves itself into a permanent flow, but so exceedingly feeble in 
strength as to elude any known method of detection. The con- 
tinuation of the current must take place, unless, after the first 
instant when circuit is closed, the contact of two dissimilar metals no 
longer tends to produce a difference of potential, a fact I have never 
heard to be the case. Because our means of detecting a current 
are not delicate enough we have no right to conclude, in opposition 
to the known laws of electricity, that a current does not exist 

On the other hand, when the liquid is an active agent in the 
battery, it still serves as a conducting medium for the contact 
current, whidi it increases by its own direct chemical action on the 
oxidised plate. This seems to me fully supported if we can 
unquestionably set up a decided current in a voltaic battery without 
the contact of dissimilar metals. In such a case it would be 
reasonable to conclude that with ordinary batteries — the Daniel), 
the Leclanche, the Grove, or whatever other battery may be em- 
ployed having two dissimilar metals for elements — that in such 
batteries the work performed by chemism is in no way dependent 
upon contact ; but that contact and chemism each separately 
furnishes, by its own direct agency, a definite portion of the total 
electromotive force. 

Mr. J. A. Fleming has successfully devised such a battery, 
described in a paper read before the Physical Society on 21 March, 
1874, and printed in the Philosophical Magazine for the June 
following. The principle of the battery consists in arranging 
elements in such wise that the two terminals shall be alike. This 
arrangement is effected thus : 

Two jars, A and B, form one cell. Into A let some nitric acidj 
NO3H, be placed ; into B some sodic pentasulphide, SgNAo. Then 
bend a plate of lead from one jar to the other ; also place separa^ 
copper plates in each jar. 

Now in nitric acid copper is negative to lead, whilst in sod^ 
pentasulphide lead is negative to copper. Consequently, a battel^ 



GALVANIC BATTERIES. 



instructed as described produces an electric current flowing 
Lously from right to left without any contact of dissimilar 




metals The conclusions arrived at by Mr. Fleming were stated in 
tliese words : '* A consideration of the whole of the facts would 
seem to point out that the only safe conclusion is that in any 
BBries of cells of any sort the electromotive force is a complex 
effect, being due to tfao algebraical sum of all the difference.'* of 
jioteutial due to dissimilar contact, plus the algebraical sum of the 
differences of potential due to the chemical jiffinities of the metals 
and electrolytes, minus any opposing force due to polarisation," &c. 
In effect this new theory, or rather this modification of tlie old 
theory, implies that voltaic batteries contain in themselves a double" 
fleetrie generating source, each separately and distinctly con- 
itithuting its own absolute and definite quantity of the whole 
current, instead of, as hitherto taught by our taxt-books, the current 
twiiig due to an impulse imparted to chemism by the difference 
of potential due to contact. 

Major Malcolm, R.E. : I think I may be allowed to make one 
remark with a view to correct what is evidently merely an oversight 
III connection with one of the points in the paper we are discussing. 
IC I remember correctly, the white powder found in the graphite of 
tlia Leclanche has been spoken of as carbonate. As no member has 
'liawn attention to it T would say that I have had it analysetl, and 
' "as reported to me to be a chloride, and inasmuch as the 
'^i:iting liquid contains chloride of ammonium it is uatund that it 
■^li'julil be a cidoride. 
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Mr. Precce liaa sjiokeii about the contact oud the uhemicifl 
theory, but I tliink lie lias uot left tbe question perfectly clear, anS 
if I might make a suggestion it would be one by which, as it seems 
to me, the opposing theories may bo reconciled. We allow thad 
contact of surfawa is necessary for starting the difference ofl 
potential to which the electrical current is due. Now if we lood 
upon the special duty of chemical action as being that of removin J 
the sur&ces which have become ao to speak electrically effete, anfl 
so allowing fresh surfaces to come together, we have room to worljB 
for chemical action, while at the same time we have the contaod 
theory uninjured, m 

This interesting exhibition which Mr. De La Hue has matlo^ 
reminds me of something I tried myself at Chatham some time 
ago, but as it was only incidentally part of my business I. could 
not, I regret to say, follow It out. Of course it is understood 
by all that a current is but a succession of charges and discharges, 
hut the number of fresh contacts per second which go to maiutain 
a current is not known generally. 

The calculations we made showed that it required about six 
thousand discharges a second to maintain a current. Of course 
our calculations were but rough, and many of our members who 
might care to take tbe subject up would find that many corrections 
would have to bo made before an absolutely accurate result would 
be obtained ; but it is to be done, and it has always appeai'ed to 
me tliat by the use of voltaic cells of different elements that great 
problem — the size of molecules — may perhaps be attacked from x 
new direction. Finally I will inform Mr. De La Rue that I have! 
recently been obliged to construct for my work a little spark^ 
measurer, much the samo as Ins, but one wliicb will measure U 
ttis vuu un til of an inch, which I shall be happy to lend him if b 
wants any cloise measurenieuts. 

Mr. SiVEWRiGHT (being called upon by the President to reply! 
upon the discussion) said : I cannot but feel flattered by the manne 
in which my paper has been received. If tbe only effect of it" 
had been to bring before ns what we have seen exhibited to-night 
by Mr. De La Hue, I consider tliat that would have exceeded any 
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iiitriiiBic value wliitli may be attaclied to the paper itself, and I 
uiily trust the results of those highly hiterestiiig experiments may 
from time to time be communicated to the Society. After all fliiit 
has beeii stated on the subject of batteries I have very little fui-tlier 
to remark, ajid at this hour of the evening it would be alike 
])resumptuous and out of place to detain you for any length of 
time. Still there are one or two points which occurretl to me 
during the progi'ess of the discussion which I should like to mention 
before tlie question is finally dismissed. 

It has been stated, oftener than once, that I have omitted to 
mention several forme of batteries. I am myself painfully conscious 
of the fact, hut, if I had set to work to mention all the forms of 
batteries which have been tried, my paper would have been little 
more than a dry catalogue of galvanic combinations, and had I 
imposed upon myself tlie task of selecting these I should have had 
a somewhat invidious duty to perform. I therefore preferred to 
take those batteries which have either jostled their rivals out of 
existence or, not having succumbed to new-comers, are those 
fjcuerally employed at the present day. A wish was also expressed 
that suggestions for overcoming some of the defects pointed out 
bad been offered. I was careful to avoid suggestions, for they 
might he multiplied witliout number, and, though the Society of 
Telegraph Engineers is no doubt the proper channel for sugges- 
lions of this kind, yet their value is slight compared with that of 
well-authenticated facts. 

Taking up tlio criticism upon one or two subjects I will first 
refer to what M. Lcclanche has written. In treating of the three 
defects of hia battery, viz. polarisation, the formation of salts in 
tla carbon cells, and the bursting of the porous pots, lie says 
fint of all with reference to galvanic polarisation, " As a general 
prindple this is true, hut I am in a position to state that the pola- 
risation of a battery cell can be minimised if care be taken to 
inoreaae the surface of the cell in proportion to the quantity of 
i^leetricity which it is expected to supply during a given limit of 
"fflB." In other words, this Is to vaiy the size of the plates of 
Wttery according to the work it has to do. Mr. Preece has 
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dwelt upon this at greater length than I shall do, although it is an 
important subject and closely allied to another which is equally im- 
portant, viz. the proportion of the battery power to the length of 
the circuit. If, however, the surface of the cell is to be increased 
according to the amount of electricity which it is expected to 
supply, it would then be necessary to enlarge our battery almost 
indefinitely, and for every purpose required we should have to 
vary the size of the plates. At the same time there can be no 
doubt that, if the battery power were carefully apportioned to the 
extent required for each circuit, we should find less trouble in 
working them ; and what Mr. Hawkins says is no doubt perfectly 
true, that in working circuits of high resistance the Leclancli^ 
battery answers on the whole satisfactorily. 

With reference to the formation of the salt at the top of the 
carbon plate, M. Leclanche says, " When the carbons are thoroughly 
dressed with paraffin, and no moisture wets their surface by 
endosmosis, there can be no trace of oxidation whatever the work 
the battery may have to do." So long as the carbon plates can be 
kept carefully dry this would be true, but how are we to keep them 
dry? Tlie formation of salts I believe to be inherent to the 
battery in its present form, and may, I think, be accounted for 
when we bear in mind the conditions which are present. We 
have first of all a cell containing a solution of chloride of ammonium. 
We have in this a porous vessel which contains a mixture of crushed 
carbon and peroxide of manganese surrounding the collecting plate 
of carbon : this carbon -plate is fitted with a lead cap. The porous 
pot is immersed in the solution, which by-and-bye makes its way 
through the porous partition, and must in time reach the carbon 
plate ; by capillary action it then creeps up the carbon plate till at 
last it gets to the lead cap at the top ; the result of course then 
being that we have a chloride of lead formed. The time which 
this takes depends upon two or three things, first upon the nature 
of the porous pots, and secondly upon the nature of the carbon to 
promote capillary action ; but sooner or later it will in all proba- 
bility make its appearance. 

The complaints as to the bursting of the porous j)ots M. Leclanche 
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says nre not wcH founded, and lie states tbat with them whc 
French earthenware is used they are not inuonveniencod in tliia 
way. The remarks which several gentlemen have made on this 
point seem to me to give a complete answer to M. LeclauchS's 
statement; because they all agree in this, that they have been 
troubled more or less by tlio bursting of the porous pots. Frencli 
porcelain, it is stated, is to be preferred, and on this subject there 
appeal's to be unanimity of opinion that it is superior to our com- 
mon earthenware. This danger in the porous pots would then to a 
certain extent be cured by using French ware ; but that it would 
bo eradicated altogether in this way is, I fear, too sanguine a hope 
to entertain. It was suggested that the evil might be encount^reil 
to some extent by plunging the pots into hot water as soon as they 
give indication of failing. Dipping into hot water dissolves for 
tlie time the double salts which have been formed, — and these I 
believe to he the main cause of the damage which is done, — but 
immediately the pot is put back into a lower temperature the 
process of crystallization begins again, and in a short time the 
ml becomes as bad as ever. 

Mr. Rolls suggested in his letter that the failure of the porous 
Iflts might be due, to some extent, to the solvent action of 
tlie chloride of ammonium upon the earthenware. One point in 
liivour of this view is that it is always at the bottom of the porous 
|>ot, where the solution may be supposed to be the strongest, that 
f B first observe the failure to he taking place. Before quitting 
the subject of the porous pots tho remark of Mr. Hawkins, that 
their breaking was due to the crystals of sal-ammoniac, owing 
to an excess of that salt being used, deserves to be noticed. 
Many at first sight entertain the same opinion, owing to tho fact 
iliatthe crj'stals of the double salts and those of sal-ammoiu'ac are 
■■<' like each other that without testing it is impossible to distinguish 
"Uffrom the other. When, however, this is done no doubt can 
I main as to which is the destructive agent. 
With reference to the general working of the Leclaneh^ batteiy 
■vpral striking instances of its excellence were adduced, and they 
'■■ii^lit, without doubt, bo multijilicd. Mr. Graves showed tho 

. vol., IV. 




su 



vmV VOTfUB OP OALVANIC BATXERISa tS«b^ 



Honderful work tliat was done with it, but the value attached 1 
hia statement was more than counterbalanced by what was state 
by him afterwards, tliat, when subjected to the crucial test of th 
duplex system, the battery failed. 

With reference to the Daniell's battery there can be but c 
opinion — tliat it is excellent but expensive ; no means have yrt 
been devised which will effectually counteract the waste constantly 
taking place from diffusion and osmose. During the discussion then 
has been a tendency to regard these two as one and the same actionj 
and in my paper the distinction betweeu them is not so clearly laia 
down as it might have been. Now, although the general result i4 
diffusion and osmose in Daniell's battery is the same, namely, un« 
necessary consumption of material, still it must be borne in mind 
that they spriug from two thoroughly independent causes. Diffusiwi 
is the power which any two fluids, not chemically combining, I 
of mixing with each otlier ; even when the heavier fluid is at the 
bottom this action goes on, and the fluids diffuse into each othtf 
according to a well-known mathematical law. Osmose 
entirely different property, and is due to the presence of the poroui 
partition ; in the Daniell'a battery its action is evidenced by Um 
frothing up of the cell after the battery has been at work a short 
time. That, however, is a subject on which very little is at present 
known, and it opens np a wide field of inquiry for any one who 
cares to go into it. 

Mr. Higgius gave us a very interesting description of the thernn?' 
electric pile, which I am sure we all duly appreciated ; and I hop* 
we shall heai' further from liim as to his experience with it, and 
whether Time, " the corrector so oft«n where our judgments e 
brings to light any substantial defects in connection with tlw 
system. I have now nothing further to say except to thank you fiM 
the kind attention which you have given to my paper, and foi 
the general interest that has been manifested in it- 
Mr. Beknbtt: Ha\'iug been called upon rather unexpectedlj 
to read my paper, I should wish to make one or two supplen 
I'emarks. I would call attention especially to the behaviour e 
silver in a solution of potash. Silver, in all common acids, and ii 
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most otlier solutiona so far as 1 have been able to discover, 
ouly slightly positive, but still positive to carbon, bat in a solution 
of potash it is as negative to carbon as carbon is to copper — in 
point of fact, more so — in tlie proportion of 8 to 6. I think a 
good battery on the Smee principle might he made in some such 
form as tliis, 

I am now experimenting upon a silver plate in broken carbon, 
and it answers very well, but I am not yet able to say whether the 
double action which takes place will have any deti-imental effect 
or not upon the duration of the battery. Mr. Smee stated at the 
last meeting a very interesting and beautiful experiment by which 
lie proved that carbon not only absorbs but retains hydrogen. I 
have frequently observed that the Leclanch^ battery after it was 
once put to hard work never entirely recovered its original strength, 
and I have thought this was to be attributed to the formation of 
ohioride of nine, which made a considerable diminution in its 
effective strength ; I now think that it is rather to be ascribed to 
tie absorption and retention of tlie hydi-ogen by the carbon. 

1 have here with me to-night one of the batteries which I have 
already described — the pyrogallic acid cell ; and I may state with 
regard to it that it bas been on short circuit since ton minutes to 
two this afternoon It then gave a deflection of 30°, and it now 
gives a deflection of 29°. I have reason to hohevo, that, owing to 
tlic retention of hydrogen hy carbon, no absolutely positive battery 
can be made in which carbon enters, and that is the reason why 
1 liave employed sohd plates of iron for tho carbon plates in 
general use, 

The Prbsjuent : It now devolves upon me to bring to a close 
"no of the most interesting and valuable discussions which this 
"iitiety lias ever had before it. I do not intend to trespass on youi 
-.:uu by any lengthened remarks of my own, I will only briefly 

(review the course which the discussion has taken. 
Mr. Sivewright, on the occasion of the reading of his paper on the 
IWi of March, discussed at some lengtli the respective merits of tlie 
(vintaot and chemical theories. He compared the Daniell and tho 
Li.clanche batteries, pointing out their merits and defects — the 
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mixing of solutions in Daniell's, the want of constancy and craokiDg 
of porous pots in Leclanch^'s, its habit of failing suddenly, its suit- 
ability for a light current, its reduced cost and cheaper maintenance. 
He also called attention to the salient points in the construction 
of the bichromate battery, the Callaud, and Lockwood, and other 
forms of Daniell, as also that of Dr. Siemens and the Mari^ Davy. 

Mr. Alfred Bennett, on the 14th of April, read a paper descript- 
ive of a battery composed of a carbon plate packed in pieces of 
broken carbon as the negative element, and zinc with caustic potash 
as the positive. He showed that this form of battery had proved 
more constant than the Leclanche. He afterwards added* pyrogallic 
acid to the negative element, or nitrate of cobalt. He showed that 
in a potash solution iron and nickel are found to be almost as 
electro-negative as carbon or platinum. He also gave the order of 
electro-positiveness of the different metals in a potash solution, and 
recommended iron, electro-plated with nickel. He estimated the 
cost of maintenance at 5d. per cell against Id, for the Leclanch^; 
and dwelt upon the advantages of the former, but he does not 
appear to have measured the electromotive force or the resistance. 

Mr. C. V. Walker presented to us some highly useful and prac- 
tical results of his personal investigations and researches into this 
subject. He showed that he had in operation 3,000 Leclanch^ 
cells and 9,000 cells of platinised carbon and amalgamated zinc; 
and that the cost of maintenance of the former was I5d. per 
annum, and that of the latter only Is. O^d., whilst it was also 
cheaper in first cost. He also pointed out the economy of mercury 
and other products and compared the duration of working and 
other qualities of both. 

Mr. Hawkins described various improvements that have been 
made in the manufacture of the Leclanche battery, and treated of 
the local action at the lead top, the breaking up of the porous cell, 
and the loss of current when on short circuit. 

Dr. Gladstone, in addition to some highly interesting general 
remarks, suggested experiments on osmose and the study of the 
chemistry of batteries, and described at the same time an oxygen 
battery, with which his name is connected. 



ait 

•. Adama presented to us some interesting experiments and 

ffirvations on the Darnell's battery. 

Mr. Graves gave some valuable inforniation on the Leclanche 
charged with common salt instead of sal-amuioniiic, together with 
other interesting observations and experiences. 

Mr. Higgins, of the Exchange Telegraph Company, described 
some batteries for special requirements, and spoke in favour of 
carbon batteries with bichro^nate of pot-ash. He also described 
some improved forms of Daniell's. He exhibited two tbermo-pilea 
constructed of bars of an alloy of antimony and zinc and tinned 
irou ; the elements are separated by asbestos ; the two piles con- 
tained 150 bars, the potential being 20 bars to a Daniell's cell, 
with a resistance of 4^ to 6 ohms, and a consumption of gas of 10 
feet per hour. One feature in this battery was ^lointed out, viz., 
there was no polarisation. Having cxliibited these cote thermo- 
piles, Mr. Higgins explained their chemical and mechanical results. 

Mr. Alfred Smee, whose observations we listened to with great 
interest, in treating of the chemistry of batteries, pointed out the 
relation betwcenzine dissolved and work done ; he dwelt upon the 
importance of good zinc, also upon the merits of a very small 
platinised pole with large vessels, and alluded generally te the law 
of the diffusion of liquids. 

This evening we have heard some very interesting remarks from 
Mr. W. H. Preece, who commenced his observations at the last 
maetiiig. It ia unnecessary, after what he has said, to make any 
rcmarka, for he has forestalled me in the observations 1 should 
liave made. I would, however, correct him on one point, wherein 
I understood him to suggest that Sturgeon was the first to intro- 
duce the amalgamation of zinc. I think, myself, it was Kemp. I 
(|nite endorse all he has said about the merit that is due to Mr. 
Poller for introducing the sulphate of copper battery. I remember 
I was at that time acting Engineer of the Electric Telegi'aph Com- 
jiany, and it was introduced to my notice by Mr. Fuller himself, 
«ri(l the credit of the introduction undoubtedly belongs to him, as 
ivpll as the gravity battery at one time so much used, 
ilr. Warren De La Bue has contributed very much to tlie value 



218 NEW FORMS OF GALVANIC BATTEBIES. [S8th April, 

of the discussion, and the experiments he has shown us to-night are 
of ver}' great interest indeed, and if time permitted one. might find 
a great deal to say upon them. The battery of chloride of silver, 
which he recommends, was described and its merits were appre- 
ciated by Dr. O'Shaughnessy in a little book which was pub- 
lished in 1853, and which shows that he quite understood the merits 
of the battery. Mr. De La Rue has demonstrated with how very 
minute a decomposition of water a powerful effect is produced in 
the deflagration of platinum wire. It brought to my mind the 
statement of Faraday, as to the very smaU quantity of water which 
would be decomposed by the force that is necessary to produce a 
flash of lightning, so small even as the ten-thousandth part of a 
grain. 

For my own part, I have now scarcely anything further to add 
upon this subject. The contact and chemical theories are questions 
on which one could speak for a long time, but the question 
is a very obscure one, and is more fitted for a written and 
carefully digested paper than for verbal discussion. Mr. Fleming 
has written a very interesting paper on physical science, in which 
he combats the idea of the contact theory. I feel very much with 
him ; I have made some experiments myself, but I found a diffi- 
culty in getting a competent experimenter, and I have not time to 
devote to it ; still I confess I do not believe in the contact theory. 
I believe it will finally be proved that the action is entirely chemical, 
and my own feeling about a battery is, that any single element 
oxidisable in water forms a battery, the use of a second substance 
— carbon or metal — less oxidisable, being to bring on a change 
through which the electricity can convey itself away from the zinc 
The zinc on being oxidised gives off electricity; it raises the poten- 
tial of the air and lowers its own potential. As soon as no difference 
of potential exists all further action ceases. If you convey from 
the earth to the zinc the deficiency of electricity which exists in the 
zinc, so as to bring it up again to the same potential as the earth, 
then a second oxidation has taken place, and the only use of the 
negative element in the battery — a single-liquid or double-liquid 
battery — is to bring on a change by which the zinc can constant! v 
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regain its original potential ; but my own experiments ou tbis ?iib- 
ject have not been of such a nature as to enable me to speak witli 
any degree of confidence upon it, 

1 think the thermo-battery, of wliicli we bave not beard half 
oiiongb, is one of the most important inventions- introduced into 
(elegrapby for a long time, and I further think it is destined 
to be used not only for the purposes to which Mr. Higgins applies 
it but also for the purposes of telegraphy at large. I have 
seen batteries of moderate size, with a potential of forty or fifty 
cells, capable of working a number of circuits, and I think when 
the Post Office tries it they will find it very advantageous. I bave 
made some experiments myself during the last two or three years, 
the results of which I hope before long to communicate to the 
Society. In those experiments I have been assisted by such men 
as Lawes, Lambert, Taylor, and others, and I regret that I can no 
longer obtain their valuable services. In conclusion, I will only 
remark that the gratification which tliis subject has afforded us has 
been greatly enhanced by the presence of such men as Mr. De La 
Rue, Mr. Smee, and Dr. Gladstone, and before we sepai-ate tliis 
evening I think it ia our duty to accord a very hearty vote of 
thanks not only to tlie authors of the papers, Mr. Sivewright and 
Mr. Bennett, but also to those gentlemen whom I have named — 
aspeoially Mr. De La Rue — for coming here and giving us the 
benefit of their knowledge and exhibiting before us these very 
interesting experiments. 

The proposition was carried by acclamation, and the meeting 
adjoomed. 



APPEKDIX. 

(Translation.) 

Paris, Bandaj, 21 March, 1875. 

My dear Sib, — I hasten to reply to your letter of March 19. 

I have just read Mr. Sivewriglit'a paper, and I must say tliat, 

considered from a purely scientific point of view, his criticisms 

are not one-sided, still less unfair. The question is, substantially, 
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Has the best imaginable battery been invented ? He replies in the 
negative ; and I agree with him. He indicates the ideal battery 
thus : Bequired, a generator of electrici ty, which secures that the 
internal chemical action of the battery shall be in exact proportion 
with the external chemical action, so that this action takes place 
without the generator of electricity becoming weaker — in other 
words, without ihe polarisation of the battery: 

Mr. Sivewright does me fall justice in acknowledging that I 
was the first to establish the principle that it was possible to have 
the external and the internal chemical action in a battery proper- 
tioned to one another ; but he adds, that this action cannot be 
brought about by our system without a weakening of the current— 
that is, without polarisation — when our batteries are required to 
produce electric currents in quantity, as, for instance, in local 
circuits. As a general principle this is true ; but I am in a posi- 
tion to state that the polarisation of a battery-cell can be minimised 
if care be taken to increase the surface of the cell in proportion to 
the quantity of electricity which it is expected to supply during a 
given unit of time. The truth of this statement is proved by a 
piece of work that we have lately done in France. For nearly two 
years past the lighting of the gas-burners of the National Assembly 
has been effected by four of our cells, which have taken the place 
of Bunsen cells, and show no sign of polarisation. As to the com- 
plaint that the leaden tips become oxidised, as well as the screws 
of brass or other metal, this does not affect the chemical theory of 
our manganese batteries ; and you know as well as I that when the 
carbons are thoroughly dressed with paraffin, and no moisture wets 
their surface by endosmosis, there can be no trace of oxidati9n, 
whatever the work the battery may have to do. 

Lastly, the complaints as to the porous jars are not well founded ; 
for in France, with our earths, we are never inconvenienced in this 
way. 

Believe me, yours, &c., 

G. Leclanch^. 

John Bailey, Esq , 

The India Rubber and Gutta Pereha Works. 
SilvertowD, Essex. 



[C BATTERIES. S21 

Exetei, March 22, 187d. 

Telegraph Batteries. 
The Becretary, 

Society of Telegraph Enginters. 

Sir, — I cannot be present at the discussion upon this subject, but 
If you will have the kindness to bring forward the following remarks 
1 shftU be much obliged, 

Mr. Sivewright, in his most valuable paper, nails attention to 
tlie common disaster in tlie Leelanohe element of the porous pot 
falling to pieces, and attribufe.s this to the mechanical action of 
crystals of a doable salt of ammonium and zinc with chlorine, 
formed within the pores of the earthenware. Although thia mny 
sometimes be the case, there is evidence I think that the effect may 
more often be due to another cause. 

I have frequently found, after breaking up a cell which had ceased 
tn «'ork, that the interstices of the manganese peroxide and carbon 
fragments were choked with crystals, and tlie porous diaphragm 
examined microscopically was seen to bo in the same stats, and yet 
Mineed no sign of peeling. 

On the other hand, some ceils fall to pieces in a very short time, 
before the battery has acted long enough to produce much amma- 
iiinm and zinc chloride. 

I am inclined therefore to ascribe the disintegration of the pot, 
"r division, to a solvent action of one or more of the constituents of 
the solution (chlorine, ammonium, or chloride of ammonium) upon 
Slime portion of the alumina compound of the cell, 

Whether this view be correot or not, it will doubtless be granted 
Ibtti a radical cure must be effected if we can do away with tlio 
|«iruiia pot and division altogether. 

l^is I propose to do by making the carbon plate of a pot-sliapc, 
i'MiI putting the manganese and crushed carbon inside. 

Tiie arrangement for a trough division will suggest itself 

Tlie carbon plate, however much its pores may be choked with 
'■ i.i.Htals, is never found to break ; the alteration I suggest, unless 
some unlooked-for difticulty stepped in, should render this portion 
of tiie element almost everlasting, for wlien, by accumulation of 
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cry stiilli sell ssalt, tho internal resistance became too bigh, thenlg 
removing the carbon pot and its contentSj and placing them for i 
time in plenty of hot-water, the double salt is, as I have found bj 
actual experiment on the orduiary cell, dissolved out, and a 
adding a little fresh manganese the element works as well as ever,: 

With regard to the tlesb-uction of the lead tops, I would suggat 
that this difficulty may also be got rid of, by substituting for tlw 
lead, tin or nickel, preferably the latter. 

Tin could be but slightly affected by any of the contained c 
binntionsj and nickel, I venture to say, would escape all action. 

Either of these metals could be deposited of the required thiok' 
noss on the upper end of the carbon by electrolysis, and, i 
deposit need be but small, the expense would be alight. 

By piercing the carbon before plating with a hole, to take ate 
wards a binding- screw and nut, a very good connection with tfa 
electrotyped carbon would be made. 

I am, Sir, your obedient Servant, 

E. T. Rolls. 



Groat Western Railway Telegraph DopBrtmeuli 
Paddington, March Zi, 1875. 



Dear Sir, — I regret very much I am not well enough to a 
this evening, but beg to forward a few remarks and notes on tl 
subject of Mr. Sivewright'a paper, which perhaps you will be goe 
enough to read for me. 

The subject of this paper is one of very great importance to I 
telegraphists, and the manner the author has dealt with the de8cri( 
tions of the various batteries he has named is very interesting; S 
I should have liked to have seen some suggestions or remedies f 
overcoming in a greater degree the defects ho has so well point( 
out to exist, especially in the Leclanche battery. There are sevai 
classes of batteries he has omitted to name, viz,: the sulphate 
lead battery ; the carbon battery, as used by Mr. Walker, of ( 
South Eastern Railway; the Smee sci'ap battery, modified 
Tyer ; the Highton battery ; the caustic soda and the Gre 



lattery, many of which have striven to obtain a footing, but which 
have not eqiialled the modified form of Daniell's, known as tlie 
ordinary sulphate battery, or the LeclancliL!. I find for block- 
telegraph purposes no battery equal to the ordinary sulphate, 
though I have tried the Leclanch^ for blocking purposes with some 
success , 

I believe the first four LeclaucliS cells that were brought to this 
country were brought by Mr. Tickers, of Sheffield, and through 
Mr. Feiiton, of the Metropolitan Railway, they were given to nie. 
I am speaking now of six or seven yeai-s ago. I put these four 
No. 2 cells on a block circuit between Bishop's Uoad and Edgware 
Hoad stations, which was continually blocked for 18 hours out of 
the 24, and they worked wonderfully well for about 18 months, 
ouly being refreshed with sal-ammoniac and water two or three 
times in that period. This so satisfied me that I ordered 100 cells 
from Paris, but through some arrangement tlion in existence they 
were seut uie, I believe, from Belgium; these I tried, and the result 
was very mi satisfactory ; half of them were useless, and the otlier 
liiilf were bad and lasted only a short time. From that time until 
they were in the hands of the India-rubber and Gutta-percha Com- 
pany, Silvertown, 1 did not try them, but I have since done so, and 
diey are decidedly greatly improved, and form a valuable battery. 
I Lave ti'ied No, 3 cells for blocking, and they have in some cases 
Jone very well indeed ; in one case an S-cell No. 3 Leclanehe 
battery was on a disc block instrument for twelve months, at a sta- 
tion where it is continually pegged for eighteen hours every day ; 
(luring tliis time it was once re-charged with sal-ammoniac; it 
vas then taken off, because the zinc plates were worn out, new 
ziiios were put in, and it was then put on a short siugle-needle 
eireuit, and has been on for eighteen months, and is still on and 
working well. It has been re-charged once during this time with 
sal-ammoniac; it is now in good order and works very clean. 

Several others, No. 3 batteries, have been tried for block circuits, 
where they are constantly pegged, and they have worked pretty 
well, hut not so well as in the above case. From the experience 
I have had, I am not in a position to say that the Leclanehe can 
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equal, for blocking purposes where a persistent current is kept on, 
the sulphate batteries ; but for bell-signals or instruments not re- 
quiring a permanent current they have answered every expectation. 

The following is the history of a battery on a bell-circuit. At all 
stations in the Paddington district an 8-cell No. 2 Leclanch6 bat- 
tery is used on all bell-circuits. They have been on for twelve 
months, and nothing was done to them whatever till after they had 
been on more than eleven months, when some of them were re- 
charged with sal-ammoniac, and some of them have not yet been 
touched. They are in first-rate working order, and look hkely to 
work for a considerable time, being perfectly clean and free from 
mud. On a very busy single-needle circuit, from Gloucester to 
Swansea, of 102 miles, and several stations, 24 No. 3 cells were 
put on March 17th, 1874, and have not been touched since, and 
there is every appearance of their continuing to work as satisfiic- 
torily for some time to come as they have hitherto done. 

The following notes will show the result of the Highton's battery, 
the caustic soda battery, and 12-plate sulphates on block instruments 
and bell-circuits : — 

1. Highton's battery. — A 14-cell graphite (No. 1 cell) battery 
was tried on a single-needle circuit at Paddington in place of a 
48-cell ordinary sulphate battery; it worked very well for two 
months, when it appeared to lose power all at once, and signals 
were reported as indistinct and not readable; it was taken off 
and examined, but not showing any defect it was, after a few 
days' rest, tried again ; however after working eight days the 
stations again complained of weak signals. This battery has not 
been tried since. 

2. A 6-cell caustic soda battery was tried on a disc block instru- 
ment, where it is continually pegged for eighteen hours everyday; 
it worked yery well for four months, when it failed ; it was taken 
off and re-charged with new zincs and caustic soda; but after 
working three weeks it again failed, and has not been tried since. 

3. Two 12-cell ordinary sulj)hate batteries will sometimes last ott 
a bell circuit for two years ; they will require attention every three 
weeks, and are very apt to work muddy. Sulphate of copper will 
be required about every six weeks. 
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4. A 12-cell ordtnniy Bulpliate biit.teiy will work for twelve 
months on a disc block instrument ; it will require sulpliate of cop- 
per every three weeks, and it is very apt to work muddy ; but in 
these batteries the liquid in the zinc eeil should be drawn nearly off 
with a syringe, and filled up with water every three weeks ; by this 
attention the zinc plates will work themselves entirely out, and little 
or no mnd appear. 

Youra faitlifully, 

C. E, Spagnolett!. 

Geo. Precca, Esq. 



Dear Sir, — Being unable to attend to-night at the meeting of the 
Society of Telegraph Engineers, I beg to address to you a fow par- 
ticnjara on a bichromate of potash battery, which has been under 
trial at the oflBce of the Submarine Telegraph Company since the 
28th of December, 1872, the practical and remarkable results of 
which, I think, will be interesting to the meeting. 

The battery is a "one-liquid" battery: the liquid consists of 
U^ pails sulphuric acid, 5^ bichromate of potash, 3 parts sul- 
[iliate of soda, 80 parts of water. Each cell ia composed of a cylin- 
ilricai vessel, half the capacity of which is filled up with powdered 
larhon, in which a flat piece of graphite is imbedded ; whilst the 
other half is tilled up by silver-sand, in which the zinc is also im- 
Wiled. 

The arrangement of the cells is peculiar, and constitutes the 
imncipal feature of the battery ; the cells are placed one above the 
"tlier on shelves in two, three, or more rows ; on the top of each 
'ill is placed, also on a shelf, a glass balloon vessel, at the bottom 
"1 which is fixed a porous pot. The exciting liquid is first poured 
'iito those balloons, from which it percolates slowly through the 
pirous pot, dropping on the first row of ceils ; then, as the cylin- 
'li'ieal vessel has Itself a hole at the bottom, the liquid drops on tJie 
fit'lh underneath; after having passed through these, it is finally 
ra.'eive(l in vessels, to be used again. The process of percolation 
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takes about a fortnight to be accomplished, and the liquid, after 
having passed through three times, is thrown away. Now, as to 
the practical merits of the battery, I must say that the results of 
this first experiment have proved here most satisfactory. The in- 
ventor, a M. Chutaux of Paris, naturally praising his battery very 
highly, I resolved to put it at once to the most severe test in the 
practice of telegraphy. Acting according to the inventor's asser- 
tion, that 40 of his cells would do the work of at least 70 Daniefl's, 
a battery of 40-cells Chutaux was moimted and put in action on a 
direct circuit between London and Paris, working a HugW 
instrument incessantly, I might say almost night and day; and 
since that dato the battery has never failed, and at the present time 
continues to do the same hard work. In order to judge for your- 
selves, I have detached this afternoon one of the 40-cells, which 1 
send for the inspection of the meeting. The zinc you will find 
very little used up for a constant action of two years and three 
months. The battery keeps very clean, and, probably owing to the 
constant motion of the liquid, I have never perceived any trace of 
crystallization. 

As to the cost of the battery, I have not at present exact figures; 
but approximately it is as follows : — 



Top balloon vessel . . 


. lOd. 


Porous pots .... 


Sd, 


Cylindrical vessel . . . 


. 8d. 


Graphite plate lead cap . 


. lOd. 


Zinc 


. lOd. 



Ss. 8d. per cell, plus the 
cost of the liquid. 

Sundries Sd. 

As to the maintenance, since November 1873 I have used abou*' 
12 lbs. of bichromate of potash, 6 or 7 lbs. of sulphate of soda, witJ^ 
a proportionate quantity of sulphuric acid. 

I subjoin here for your information a table of the dates at whicl^ 
the battery was refreshed and the solution renewed. 

I remain, dear Sir, 

Yours truly, 

A. Despointes. 

Secretary of the Society of Telegraph Engineers. 



1375.] 
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Chutaux Baitery. 








1872. 


February 


18. Refreshed 


December 28. 


Mounted. 


March 


10. 






1878. 


April 


8. „ 


January 


11. 


Refreshed. 


May 


2. Renewed solution. 


11 


28. 


>j 


» 


19. Refreshed 


March 


10. 


Renewed solution. 


June 


5. „ 


April 


4. 


Refreshed 


19 


16. 


May 


10. 


yi 


July 


12. Renewed solution. 


May 


28. 


Renewed solution. 


July 


25. Refreshed. 


Jnne 


17. 


Refreshed 


August 


6. „ 


July 


10. 


n 


19 


28. 


August 


5. 


Renewed solution. 


September 12 Renewed solution. 


11 


20. 


Refreshed 


October 


1. Refreshed. 


September 8. 


» 


» 


26. 


October 


4. 


Half-renewed solution. 


November 15. Renewed solution. 


i> 


25. 


Refreshed 


December 


1. Refreshed. 


November 17. 


Refreshed 


>i 


28. 


11 


27. 


Renewed solution. 




1875. 


December 


13. 


Refreshed 


January 


8^ Renewed solution. 


11 


30. 


») 


» 


30. Refreshed. 






1874. 


February 


18. 


January 


13. 


Refreshed. 


March 


3. „ 


February 


2. 


Renewed solution. 


» 


18. Renewed solution. 



(Translation.) 

Florence, 19th April, 1876. 
Geo. Preece, Esq. 

I have received the pamphlet relating to batteries and their em- 
ployment in telegraphy mentioned in your. letter of 28th March, 
and thank you for the same. 



In accordance with your request, made hi the same tetter, I 
inclose a pa])er upon the battery adopted by my AdministratioQ, 
whioh is a modification of that of Callaud. I may add tliat seTciiI 
years' experience has demonstrated that the battery is a very ex- 
cellent one, aa well for its constancy as for the economy and eai 
nesB of maintenance. 

D'Amico, 

Di rector-General. 



The battery employed by the Italian Teli 
is represented in the following diagram : — 



;raph Administratio 




Jar {Glms). — Height* 7'87 inches. Diameter of widest paH 
3'937. Internal diameter of neck 1-968. Thickness of glass, i 
Bides, -177 J rim, '1968 ; bottom, -3937. Weight l-54Ib8. 

Zinc.~9-Qbb x 1-968. Thickness -19^8. External diamete 
3U97. 

Copper, — For the strip of copper shown in the figure has bee> 



• In the iliftgrara, as will be Bean, the metrical sjstem qf 
in the text, hawe\'er, the dimenaionB are given in inches. 



■niployei 
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recently substituted a copp^* wire •157 in dijuneter, riveted at oi.e 
end into a hole in the zinc jdate, and terminating at the other in a 
short helix of four or five turns dose together, and with an internal 
diameter of -3937. 

Preparation of the battery. — ^A well-satorated 8crfnti<Mi of sul- 
phate of copper is employed for the preparation and maintenance 
of this battery. The jar being filled with pure water up to the 
neck, the zinc is inserted (previouslv cleaned, if it has been used 
before) so that the end of the copper band mar touch the bottom 
of the adjoining jar. By means of a funnel with tube long enough, 
a solution of sulphate of copper is poured into the bottom of the 
jar so as to reach a point 1*96 or 2'36 firom the lower edge of the 
zinc plate. The pure water first poured into the jar will then rise 
and cover the zinc for a space of 1'57. 

Maintenance. — When the solution of sulphate in the bottom of 
the jar rises to within 1*18 of the zinc it is reduced by means of a 
fine glass syringe, so as to bring it back to the prescribed limit, 
and enough water is added to cover the zinc for 1*57, as ahready 
explained. 

When the solution has entirely lost its colour a firesh supply of 
saturated solution is added by means of the fimnel, a correspond- 
ing q^uantity of water being taken from the upper part of the jar 
by means of the syringe. 

This operation is repeated as often as the solution is exhausted. 

When the zincs are seen to be covered with a black crust which 
prevents their contact with the liquid they are taken out and 
scraped with a knife or brush, or, if necessary, renewed. 

A sufficient quantity of saturated solution of sulphate of copper 
for two days' maintenance is always kept ready. The solution is 
prepared in a vessel with water at the ordinary temperature. In 
case of emergency hot water is used. 

The sulphate to be dissolved is broken into small pieces. 



VOL. IV* 
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(Translation.) 

Vienna, 27 April, 1876. 
Geo. Preece, Esq. 

Sir, — In thanking you for sending me the interesting paper by 
Mr. Sivewright upon galvanic batteries, I have the pleasure of 
giving you the following information upon the batteries used 
in the Austrian service. 

Our normal battery is the "Danicll" in two different forms. 
Ordinarily we employ it in the modification " Meidinger," or in 
the form that Mr. Sivewright calls " gravity-batteiy," which diflFers 
in nothing from the form also employed by the German Telegraph 
Administration. This form serves for both modes of working, 
either by the closed or the open circuit, as well as for the require- 
ments of local circuits. It is only at the large stations, where the 
same battery has to supply the necessary electricity for about forty 
lines at the same time, that we use the Daniell element in its 
proper form, with a diaphragm of porous clay, and an enlarged 
section, so as to reduce the internal resistance. 

The results of our experience obtained with the Leclanch^ cell 
were not entirely satisfactory. It exhibits too great a dependence 
for the force of the current upon the state of the pulverising of the 
carbon and of the manganese ; besides the fact that the current 
of polarisation becomes strong when the exterior resistance 
diminishes, the disagreeable exhalations of ammoniacal gas, and 
the difficulty of maintaining the fastenings of the elements between 
themselves, made us renounce a more extended use of this battery. 

When it becomes a question of making the battery transportable, 
as for its use in military telegraphy, we employ the Marie Davy 
element, which we have simplified by doing away with the dia* 
phragni. It has been replaced by a mechanical obstacle which 
prevents the contact of the metals in the interior of the element. 
In spite of the cost of maintenance being more considerable fo^ 
this battery, we have retained it up to the present on account ^^ 
its great electromotive force and the constancy of its current. 

Except the batteries mentioned above, there is only the Sv^^ 



\ 
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clement — ziuc amalgam a ted and platinised silver in sulphuric acid 
— which wo employ in some exceptional casesj when it becomes a 
question of reducing the internal resistance to a minimum. The 
form of our Smee battery permits at will the entire interruption 
of the galvanic action, by the separation of tlie metals and tlio 
liquid. 

Accept the expressions, Sir, Ac, 

^M KOLBERSTAU, 

^^k For the Minister of Commerce. 

^W have received the paper upou the Employment of Batteries 
m Telegraphy, inclosed in your letter of the 28th March. In 
thanking you for this communication I send, according to your 
wish, a resumi of the experiments that MM. (iaugaiu and Guillemin 
made in 1869 by order of the Administration. Other experimentB 
have been recently undertaken upon the same subject ; and some of 
titem are in course of execution. The results obtained will be soon 
published, and I will hasten to present them to you. 

Accept the expression, &c. &c. 

PiERRET, 

Director of the Administration. 



(Translation.) 

Paris, 0th April, 1875. 



! have announced in our previous impression that the Com- 
Bsion had fully and carefully considered the experiments made 
by two of its members on tho various batteries in use. It has 
How been decided that the reports in which Messrs. Uaugain and 
Uuillemin have developed their interesting researches shall be 
forwarded to the Director- Genera I, and that they shall be accom- 
mied with the conclusions proposed by the President, and adopted 
P due discussion, as follows : — 
, Batteries of difterent kinds, in wbieb zinc I'urms the oxidisablo 

g2 
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element, may be employed in the telegraphic service, provided 
they are of suitable dimensions. 

The following circumstances should be taken into consideration 
in selecting a battery for employment in important offices : — 

The constancy of the electromotive force, the duration of the 
battery, the facility for maintenance, as well as the readiness 
with which the materials of which it is composed can be obtained, 
and the length and degree of insulation of the circuits to be served. 

2. In each system large cells are preferable to small ones. Their 
electromotive force is more constant, and they last longer without 
attention, as they contain larger quantities of materials, whilst 
their electrical conductivity is greater, or, in other words, other 
things being equal, they fiimish larger quantities of electricity than 
smaller cells. 

3. The durability of a sulphate of copper couple does not depend 
solely on the usefiil work obtained from it, for the mixture of the 
solutions gives rise to a precipitation of copper on the zinc 
element, as well when the circuit is open as when it is closed ; 
but owing to the constancy of this form of battery when well 
supplied with sulphate of copper it is desirable that its employment 
should be continued, especially in circumstances where great con- 
stancy is needed and but little intermission of current is likely to 
exist. 

The Commission especially recommends that form of battery in 
which gravity effects the separation between the solutions, as this 
obviates the difficulties arising from the use of porous cells. Many 
forms of gravity batteries are known ; those which go by the name 
of Callaud, with a glass cell 24 centimetres in height by 1 2 centi- 
metres in diameter, have given better results than smaller ones. 

The Commission considers that it would even be advantageous to 
use larger dimensions. 

4. Sulphate of mercury (Hgg SO^) batteries do not give such a 
constant electromotive force under varying circumstances as the 
last-named description, for, if the interpolar resistance does not 
exceed a certain limit, the electromotive force, when the circuit is 



^1 
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closed, diminiahes as this resistaiieo becomes less. Further, the 
strength of the current h'kewise varies from other causes, some of 
which have been dwelt upon in former reports of the Commission, 
and tliey Ukewiae have the additional disadvantage of containing a 
highly poiaonoufl substance. 

If, however, care he taken to maintain a uniform level of the 
liquid in the cell, to see that there ia no deficiency of the mercurial 
suit, to adopt suitable dimensions of the elements, and to work them 
on conductors offering a high resistance, good results can be 
obtained with them, 

It is necessary that the mercurial salt used for the maintenance 
of these batteries shall have a uniform and invariable composition 
ill order to avoid imperfections arising from the use of inferior 
materials. 

Batteries of this form shotild preferably be of the following 
dimensions, these having been found more effective than smaller 
ones. 

The exterior cell should be 0'12m. in height by 0'095m, in 
diameter, whilst the graphite element should be 0-14m. by 0-08m. 
and the zinc 0-09m. by 0-004m. 

5. Batteries in which the negative cai'boii element is surrounded 
with a mixture of peroxide of manganese and sal-ammoniac may be 
a] 1 plied to telegraphic purposes. 

They are easily set up and very durable. It is necessary to 
observe, however, that for a certain period they diminish rapidly 
in electromotive force, whilst afterwards their decrease is slow but 
continual. When the interpolar resistance is small, the period of 
decrease is such that the current becomes too weak to be service- 
able. Further it should be observed that simple couples, in which 
zinc and carbon elements are plunged In a saline solution (such as 
common sea salt or sal-ammoniac), have already been employed 
telegraphically. They do not offer a constant electromotive force 
when in action, and this force diminishes rapidly on circuits with 
Bmall resistance, but when employed in sufficient numbers they 
can work telegraphic apparatus. 
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6. The Commission considers that it is advisable to continue the 
use of tlie various descriptions of batteries actually employed by 
the Administration, and to watch their working in the manner 
already indicated. It will be easy to judge after this series of 
practical trials which forms should be definitely selected. 

7. In cases where the Administration is desirous of serving 
simultaneously a number of circuits with one battery, sulphate of 
copper cells of large dimensions and with a small internal resistance 
should preferably be chosen. 

We add the following extracts from the reports of Messrs. 
Gfeugain and Guillemin : — 

Extract from M. Gaugain's Report on Batteries employed 

IN Telegraphy. 

In order to determine the value of the various batteries I have 
been requested to examine, I have measured the electromotive 
force and the resistance of each under certain of the varying 
conditions in which they may be placed. I propose therefore 
describing the methods adopted for determining the electromotive 
force and the resistance. 

Measurement of the Electromotive Force, 

I have employed for the researches about to be described the 
method of opposition which I have used in all previous experiments 
on electromotive force, and I have taken as unity the electromotive 
force of a thermo-electric couple, the junctions of which have been 
maintained, one at the temperature of zero, the other at that of lOO 
degrees. This is indicated by — 

-100 

My measuring batteries consisted in all of 40 thermo-electric 
couples and three hydro-electric and one Daniell couple. SpaC5^ 
forbiddinoj a lengthened description of each of these cells, -* 
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will simply add that tlie f'ullowing shows their average relative 
j^)iips : — 

H Celb. 

■ The(C.-F.) = 20f>-5|;;, 

B The (Zw - Crf) = 62 do. 

m The Daniell = 195 do. 

In measuring by the metliod of opposition tlie eleeti-o motive force 
of n cell under given conditions a certain disposition of appai'atus ia 
necessary. As I pointed out long ago (Comptes Rendus, 24th 
December, 1855), the polarisation of an element falls rapidly as 
soon as the polarising current ceases, and thereiore it is indispen- 
sable that the connection between the measuring battery and that 
to be measured be made as soon as the polarising current is inter- 
rupted. To this end I employ a switch, which admits of the 
ineaanrement of the electromotive force of the polarised cell without 
interrupting the polarising current for more than the fraction of a 

Ixmd. 
[ Measurement of Resistance. 

Numerous methods of measuring the resistance of a battery are 
blown, and any one of them may be employed for constan t current 
hatteries, but almost all of them fail when dealing with a battery 
giving a variable current, and especially when it is desirable to 
measure the resistance under a given condition of polarisation. In 
tiiis ease I measure by means of my tangent galvanometer (multi- 
i plication eonique) the strength of the current with a known inter- 
polar resistance, then I immediately determine the electromntivc 
! force. From this data it is easy to deduce the resistance of the 
buttery under the given condition. 

General Method of Investigation. 

My experiments may be classed under two heads : the first having 

11 view the practical determination of the variations of the electro- 

"Kilivoforco and resistance of batteries under conditions similar to 



Ditto 
Marie Davy's cell 

Ditto 
Leclanch^'s cell . 

Ditto 
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those ill a telegraphic service ; the second being directed towards 
the investigation of the causes of these variations. I confine myself 
on this first report to the results obtained in tlie former. 

I have experimented with seven cells, differing one firom the 
other either in principle or in size. 

Daniell's cell ... . The form adopted by 

the Administration. 
Callaud's cell .... Large size. 

• Small size. 
. Large size. 
. Small size. 
. Large size. 
. Small size. 

I have determined the variations of electromotive force and 
resistance that these cells exhibit, 1st, When connected for a greater 
or lesser period without being in action ; 2ndly, When traversed 
for a varying period by a constant or interrupted current of a 
given strength. 

Li comparing a set under a circulating current I have joined 
them all up in series, so that a current of uniform strength should 
traverse each. 

For an interrupted current I have used Foucaulfs make-and- 
break, so adjusted as to give an average of four currents per 
second, the circuit being closed and opened during equal intervals 
of time. 

I learn that it is the practice to employ about 10 cells Marie 
Davy for a length of 100 kilometres of line. From this I have 
determined the mean strength of the current employed in tele- 
graphy, and this I have taken as the unit of current. It equals 
14° of the tangent galvanometer used in these researches. This 
current disengages 6*35 cubic centimetres of hydrogen per hour. 

Contrary to what appears in many works, the resistance of ^ 
battery is nearly independent of the strength of the current which 
traverses it ; the electromotive force alone varies under the inflti' 
enco of the current, and the latter variations, have primarily 
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engaged my attention. The folloiviiig experiments \ 
^^ow these variations : — 

^K Researches on Electromotive Force. 

I have made but one series of experiments on the electromotive 
force of inactive batteries. They extended from the 4th June to 
tlie 3rd November. The electromotive force was measured at 
least once a week, and the numerical values are recorded in one of 
the tables attached to the report ; Uie general results may be stated 
as follows : — 

Leclanche cells, large and small, lost some of their power, their 
mean electromotive force, which at the commencement was 285'4, 
being 2G9"8 at the conclusion of the experiments. 

Mari^ Davy's cells of both dimensions remained unchanged, 
their mean value in June being 262'9, and in November 261'7. 

Daniell'a cells wore worthless after an interval of four or five 
weeks, their electromotive force after this interval having become 
extremely weak and variable. 

Callaud's small cells behaved in a like manner, only an interval 
of two months el.npsing before they were reduced to this state; the 
large cells of this form were slightly weakened in power, being 
represented by 194"2 in Juno and 171'8 in November. 

Five series of experiments on active batteries were made, but 
unly two of these, as being the most complete, are dealt with in 
my report. Tliey extended from May 28tli to November 3rd. 

The interpolar resistances were so regulated that the current 
always equalled the unit referred to above. The two series of ex- 
periments have been conducted under similar conditions, with the 
one exception, that the batteries in the one series (A) were in con- 
stant work whilst the euiTent in the other series (B) was interrupted 
V means of the Foueault apparatus. The results were tabulated 
snd attached to the report. 

From these it appears that Daniell's cell behaves much in the 
"aine manner whetlier tlie circuit be closed or opened, tliat is, that 
iiiiout the same inter\-al of time is necessary to exhaust it in either 
I'asc. There is nothing surprising in this, for the destruction of 
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tho zinc arises from the action of the sulpliate of copper, and the 
mixture of the liquids which admits of this action takes place with 
about die same rapidity when the battery is quiescent as when it 
is active. Sulphate of copper batteries show very feeble evidences 
of polarisation, even under the influence of very powerftd currents, 
and scarcely at all with those used in telegraphy. 

Mari6 Davy's cells give varying results according to their size, 
the electromotive force of the large form giving a sensibly constant 
value for the whole duration of the experiments, that of series A 
being represented by 252*7 on the 1st of June and 247 on the 
27th of October. On the contrary, that of the 3mall form became 
nil, and even negative, in both series, in a period varying from two 
to seven weeks. 

Sulphate of mercury batteries are strongly polarised when tra- 
versed by a powerftd current, and I propose in a second report 
elucidating the laws which govern this; under the influence of 
ordinary telegraphic currents, however, very little polarity is evi- 
denced. As already stated, Marie Davy batteries of the small 
form, with which I have experimented, are soon exhausted, but it 
should be noted that they fail almost suddenly, their electromotive 
force preserving their initial value whole almost up to the moment 
when they fail entirely. 

Leclanchfi^s large batteries, contrary to expectations, behave 
almost in the same manner as the smaller ones. Their electro- 
motive force immediately falls in a notable manner, in an interval 
of time which does not exceed three days, and which may be much 
less. The mean value, which for series A was 288-7 on the 28th 
Mav, was reduced to 213*7 on the 1st June. From the latter date 
it gradually and slowly fell as follows : — 

On the 6th August . .199- 
„ 2nd September . . 180*6 
„ 3rd November . . 152*9 

As may be seen, the electromotive force of the peroxide of 
manganese battery falls very much under the influence of the 
current, even when tho strength of the latter does not exceed the 
unit used in these researches ; nevertheless, the battery retains for a 
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sufficient length of ti'mr u siiffioioiit powiT to ndmit of ita who niiiirr 
^^rtain oonditions, 

^^1 On Resistance. 

^^'Callaud's Battenei.—'Yhe two forms of Callautl's batteries used by 
tliG Administration offer nearly the same reaifitance, although tbeir 
dimensions differ widely. Tliis is easily explained by the fact tliat 
if the liquid column has a large eection it likewise has an increased 
length. 

The resistance of a Cnllaud'a cell recently joined up is consider- 
able, at least when, as is usually the case, the zinc element is 
plunged in pure water ; but when the circuit is closed this water 
becomes charged with sulphate of zinc, and ita resistance and that 
of the cell decreases, its minimum value equalling 5'5 units 
(Siemens units). 

The copper deposits on the negative plats may also contribute 
towards diminishing the resistance by increasing the siirfeee. 

DanielVs Battery. — The resistance of Daniell's batteiy varies in 
the same manner as Callaud's. It is generally considerable imme- 
diately the battery is joined up, equalling sometimes over 60 imits ; 
but it diminishes gradually under the influence of the cun-ent, its 
minimum value equalling 7 to 10 units. 

The decrease in the resistance of both these batteries is due to 
■'"■ liquid around the zinc element becoming charged with sulphate 
I -^inc ; but in the ease of Daniell's cell another cause is the satura- 
iiii of the porous cell mth the liquids in tlio battery. If tlie 
h'lroua cell be dry on ita first immersion it may increase eonaider- 
'■lily the resistance of th« battery, but when fidly saturated it does 
ni't augment this materially. 

I iiave made some experiments with the view of ascertaining the 
'■'innection, if any, between the electrical resistance of a porous 
<'i;!l and the facility with which it admits of the mechanical trans- 
\"it\ of fluids; and although the experiments are incomplete tbey 
l(:i\ii led to a result which is interesting. It appears that tii'o 
Mfous diaphragms which offer a very different degree of opposition 
[lie mechanical transport of liquids-may vary but slightly in 
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tlieir electrical resistance when saturated. Heace tUe least per- 
meable eolls slioiild be chosen for Daniell's batteries, for aJtliough I 
have not verified the fact it appears probable that whilst these offer 
the greatest reaistauco to the admixture of the liquids, yet when 
they aro thoroughly saturated they do not appreciably increase the 
total electrical resistance of the battery. 

LeclancMs Battery. — Both sizes of these cells have a similar mean 
av8rage resistance, equal to 4 units when the porous cell is 
thoroughly saturated. 

MarU Davy's Battery. — Both sizes witli which I liave dealt offer 
the same mean resistance, wliich differs but slightly from G units, j 
when the jwrous cell is thoroughly saturated, and the sulphate solution J 
contains the small proportion of pure acid determined on by tha 
Administration. The resistance of a Marie Davy cell does not, « 
is generally supposed, increase when the circuit is closed. If otbe 
results have been arrived at, they were due to the battery having 
been used under circumstances which caused a considerable polari 
zalion, the resistance having been measured by a method appIicoM 
only to a constant battery, but it is a feet that a Marie Davy o< 
frequently experiences a sudden increase of resistance when it h 
been inactive for a considerable period, or when it is traversed fa 
feeble currents. 

Thus I have found that one of the cells of series B had acquirS 
after 6ve months a resistance of 65 units. As I discovered thi 
increase only when about to terminate my experiments, I have nO 
had time to investigate the causes, only they appear to me to i> 
accidental, for having meaBured the resistance of each cell o 
battery of 25 elements which had been for a long time inaotivfl 
I found tliat two only of the cells showed a considerable resiatanof 
viz., 23 and 54 miita respectively — whilst the 23 other oella varia 
between 4 and 11 uuits. 

Co7idusions. 

From the above results it appears that the form of DanioU' 
battery actually used by the Telegraph Administration, and Callaud' 
small size, become unserviceable after a comparatively short perio 



NEW FORMS OF GALVANIC DATTKllIES, 211 

— the former in four or five weeks, tlie latter iu two months. They, 
therefore, have frequently to be recharged, aud I think their use 
should be abaDdoned. 

Callaud's largo battery has not decreased in electromotive force 
more than one-tenth in five months, and it is probable that a much 
longer period would be neceasary to exhaust it. It involves some 
attention, inasmuch as the sulphate of copper must be renewed as 
it wastes away ; but the battery presents one great advantage in its 
power of furnishing any amount of current without becoming 
polarised. 

Mai'i^ Davy's email battery should be abandoned, not only be- 
muse it contains an insufficient supply of sulphato of merciuy, but 
likewise because it is more powerfully polarised than the large 
form with the same strength of current. 

Marie Davy's large cells may, I think, be employed in telegraphy 
in connection with apparatus like the Morse or Hughes, which neces- 
sitate full currents only, and in cases where an independent battery 
is used for eaeh wire. Special investigations, however, should be 
made with a view of ascertaining what conditions the sulphate of 
mercury should fulfil in order to render its use most efficacious, 

I*clanche's cell has the advantages of cleanliness, of not con- 
taining any poisonous substance, its resistance is very small, and 
its price will be low when the patent expires. It has the dis- 
advantage of becoming ati-ongiy polarised when traversed by 
currents slightly above unit value ; but this might be obviated by 
Increasing the size of the cells. 

The ammonia which is evolved when tliis batteiy is at work 
ironld become inconvenient and even dangerous for persons in its 
iBtmediate vicinity if a large number of cells in constant work 
frere employed ; but if Li^clanche's cells are fitted up at small 
offices only no feai* need bo entertained on this head. If necessaiy, 
tops could be taken to abolish the nuisance. 
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Extract from M. Guillemin's Report. 

In order to serve for telegraphic purposes a battery should not 
lose any material portion of its energy during a period of five or six 
months, in addition to which its resistance should be small, on 
account of the defects in line insulation, which frequently reduce 
tlieir resistance by a quarter, sometimes by a half, or even a larger 
fraction in rare cases. The battery should be such as to provide, 
even in unfavourable circumstances, a sufficient strength of current 
to work the lino. 

The batteries exposed to comparative trials are, — Marie Davy, 
sulphate of mercury ; two sulphate of copper, one a Daniell with 
a porous partition, the otlier a Callaud, in which density separates 
the liquids ; and lastly, a Leclauche, in which the depolarising 
agent is peroxide of manganese. Two sets of each battery have 
been joined up side by side, and the circuits have been closed con- 
tinuously in some experiments, and discontinuously in others, 
either with or without interpolar resistance. 

I will first give the results obtained with interrupted currents, in 
which the interpolar resistance was three kilometres per cell. The 
periods of closed and open currents were of equal duration, and 
four or five interruptions were made per second. The batteries 
worked day and night, and the electromotive force and resistance 
were ascertained at least twice a week. The following results were 
obtained : — 

1 . The large form of each cell is more constant than the small- 
It otters in general less resistance. 

2. Callaud' s large cell is the only constant one for many mouths^ 
the electromotive force diminishing on an average by one-fortieth of 
its initial value during three or four months. As a counterbalance 
its resistance diminishes more rapidly still. It is the only battery 
realising those necessary conditions. 

3. Dauiell's battery is less constant than the last. This is due to 
the incrustation and rapid deterioration of the porous cell. 

4. Marie Davy's battery, through two causes, rapidly becomes 
inotticient. When the interpolar resistance is small, its electro- 
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motive force falls rapidly, but its resistance decreases. When, on 
the contrary, the circuit offers considerable resistance, the electro- 
motive force is constant, but the internal resistance rises consider- 
ably; so that this battery loses its power in one case by a fall of 
electromotive force, in another by an increase of resistance. It 
however recovers some of its power when the circuit is broken for 
some time ; the diminution of electromotive force is attributable to 
the deposit of zinc held in solution by the mercury on the carbon 
plate and to the insolubility of the mercury sulphate. The increased 
resistance is due to the oxidation of the leaden electrode of the 
carbon plate, and probably likewise to the hardening of the sulphate 
of mercury in the porous cell. 

5. Leclanche's battery is polarised a little less freely than the 
last-named. Its power is fairly maintained when the interpolar 
resistance is not too-small. 

The sulphate of copper cell, without a porous partition, which I 
propose, consists of a glass jar 24 centimetres high by 12 or 13 in 
diameter, its capacity being about three litres. At the bottom is 
placed a copper plate 1 square decimetre in surface, with a gutta- 
percha wire attached to it for a positive electrode. The zinc 
element, which should be amalgamated, is reduced to a circle 
5 centimetres in radius, in the centre of the diameter of which a 
wire is soldered. The zinc is hung on a shelf, which is fastened 
to the side of the jar. The distance between the two plates is 12 
centimetres. If this distance be diminished too much local action 
rapidly destroys the battery. The cell is closed by two glass 
plates, which prevent evaporation, and the consequent deposit of 
. sulphate crystals on the sides of the glass. 

The zinc should be cleaned every four months. When this is 

done 200 or 300 grammes of sulphate crystals are added, thus 

; involving an annual expenditure of 1 ,500 grammes of sulphate of 

copper per ceU. The solution of sulphate of zinc should at the 

8Mne period be diluted by the addition of water. 

A battery of this description of 24 cells has worked since the 
Wth November last two wires to Marseilles, two to Lyons, and one 
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to Bordeaux. Another battery of 50 cells has served five circuits 
since the 25th November, viz., those to Rouen, Lille, Havre, Tours, 
and Dijon. These circuits are worked by Hughes. 

No confusion in the working, nor any want of power, has been 
discovered since their employment. The working is more regular 
than when each line is served by a Marie Davie battery, the cost 
of each element being at the outside only equal to the sulphate of 
mercury one. The substitution of the former for the latter, which is 
now almost universally employed by the Administration, would 
result in a considerable economy and an improved working. 

Meidinger's battery, used in Germany, is likewise very con- 
stant, but its resistance is greater than the last-named, and it is 
three times as costly. 

Other experiments lead me to the conclusion that the proposed 
system would be as effective with Morse as with Hughes 

I will shortly give, in an extended memoir, all details of my 
experiments. 



COMPAEISON BETWEEN A MINOTTI CELL AND A 

No. 3 LECLANCHE CELL. 

{See table on opposite page.) 

Both cells were charged on the same day, and observations wer^ 
taken, the one cell immediately after the other, the resistance o* 
the galvanometer being the same in both cases. The first wa^ 
simply the throw obtained from a condenser after equal charges j 
the second was the constant of the galvanometer through 10,01)0 
ohms and a 20-unit shunt. The resistance of the galvanometer variea 
from 6054 to 6245 ohms. The highest deflections were obtained 
May 20 and 21, when the resistance of the galvanometer wa»j 
greatest. The least deflection was when the Minotti battery 
was feebly charged, the resistance of the galvanometer being then 
lowest, although, taking the whole series, the resistance of the gal- 
vanometer does not really seem to affect the result. 

G. E. Preece. 
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Comparison between one Mlnotti cell (Silvertown) and one 
No. 3 Leclanch^ cell. 
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EXPERIMENTS TO ASCERTAIN THE CAUSE OF STRA- 
TIFICATION IN ELECTRICAL DISCHARGES IN 
VACUO. 

By Warren Db La Rue, Hugo W. Mullbr, and William 

Spottiswoode. 

{From the Proceedings of the Royal Society, No. 160, 1875.) 

Some results obtained in working with a chloride of silver 
battery of 1,080 cells in connection with vacuum-tubes appear to 
be of sufficient interest to induce us to communicate them to the 
Society, in anticipation of the more detailed account of an investi- 
gation which is now being prosecuted, and which it is intended to 
continue, shortly, with a battery of 5,000 cells, and possibly with 
a far greater number. 

The battery used up till now consists of 1,080 cells, each being 
formed of a glass tube 6 inches (15*23 centim.) loug and | of an 
inch (1*9 centim.) internal diameter; each is closed with a vul- 
canised rubber stopper (cork), perforated eccentrically to permit 
the insertion of a zinc rod, carefully amalgamated, -V (0'48 cen- 
tim.) of an inch diameter and 4*5 inches (11*43 centim.) long. 
The other element consists of a flattened silver wire passing by the 
side of the cork to the bottom of the tube, and covered, at the 
upper part above the chloride of silver and until it passes the 
stopper, with thin sheet gutta-percha for insulation, and to protect 
it from the action of the sulphur in the vulcanised corks ; these 
wires are -^^ of an inch (0*16 centim.) broad and 8 inches (2032 
centim.) long. In the bottom of the tube is placed 225*25 grains 
(14*59 grms.) chloride of silver in powder; this constitutes the 
electrolyte : above the chloride of silver is poured a solution of 



common salt containing 25 grammeia chloride of sodium to 1 litre 
(1,752 grains to 1 gallon) of water, to within about I inch {2-54 
centim.) of the cork. The connection between adjoining cells is 
made by passing a short piece of india-rubber tube over the zinc 
rod of one cell, and drawing the silver wire of the nest cell through 
it, so as to press against the zinc. 

The closing of the cells by means of a cork prevents the evapo- 
ration of water, aud not only avoids this serious inconvenience 
but also contributes to the effectiveness of the insulation. The 
tubes are grouped in twenties in a sort of teat-tube rack, having 
four short ebonite feet, and the whole placed in a cabinet 2 ft. 7 in. 
(78-74 ceutim.) high, 2 ft. 7 in. wide, and 2 ft. 7 in. deep, the top 
being covered with ebonite to facilitate working with the apparatus, 
which is thus placed on it as an insulated table. 

The electromotive force of the battery, as compared with a 
Daniell's (gravity) battery, was found to be as 1'03 to 1," Its 
internal resistance 70 ohms per cell, and it evolved 0'214 cub. 
centim. (0'0131 cub. inches) mixed gas per minute when passed 
through a mixture of 1 volume of sulphuric acid and 8 volumes 
of water in a voltameter having a resistance of 11 ohms. The 
striking-distance in air of 1,080 elements botween copper wire ter- 
minals, one turned to a point, the other to a flat surface, is jjg inch 
(01)96 millim.) to ^^^ inch (O'l millim.) The greatest distance 
through which the battery -current would pass continuously itt vacuo 
wbs 12 inches (30*48 centim.) between the terminals in a carbonic 
[ acid residual vacuum. This battery has been working since the 
Wriy part of November 1874, with, practically, a constant electro- 
Botive force. 

Besides 2,0(J0 more cellw like those just desci'ibed, we are putting 
together 2,000 cells, with the chloride of silver in the foi-ra of rods, 
which are oast on the flattened silver wires, as in a battery described 



* Compared with a Daniell'8 battery, in whicli the line is inuneraed in dilute anl- 
pbaric Bcid in a porooH cell, its electrumottve force ia abont 3 pei cent, less than the 
Duniell. 

r2 
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by De La Rue and Miiller,* but in other respects similar to the 
battery above described, the glass tubes being, however, somewhat 
larger in diameter ; the rods of chloride of silver are enclosed in 
tubes open at the top and bottom, and formed of vegetable parch- 
ment, the object of these vegetable parchment cases being to prevent 
contact between the zinc and chloride of silver rods. The internal 
resistance of batteries so constructed is only from 2 to 3 ohms per 
cell, according to the distance of the zinc and chloride of silver 
rods, and they evolve from 3 to 4*5 cub. centim. (018 to 0*27 cub. 
inch) per minute, in a voltameter having a resistance of 11 ohms. 
Their action is remarkably constant. 

For the experiments detailed below, vacuum tubes were generally 
used of about 1^ to 2 inches (3*8 to 5 centim.) in diameter, and 
from 6 to 8 inches (15*24 to 20*32 centim.) long; also prolate 
spheroidal vessels 6 inches by 3 inches (15*24 by 7*62 centim.) 
The terminals are of various forms, and from 4 inches to 6 inches 
(10*16 to 15*24 centim.) apart, and made of aluminium, and 
occasionally of magnesium, and of palladium, the latter showing 
some curious phenomena with a hydrogen residual vacuum, which 
will be described in a future paper. A tube which has given the 
most striking results is 8 inches (20*23 centim.) long, and has a 
series of six aluminium rings varying in diameter from f of an 
inch to about 1^ of an inch (0*95 to 3*17 centim.), the thickness 
of the wire being about -i^^ (0*16 centim.) of an inch ; the rings are 
a little more than 1 inch (2*54 centim.) apart; and connecting 
wires of platinum pass through the tube from each ring, and 
permit of the length and other conditions of the discharge being 
varied. 

At times the terminals of the battery were placed in connection 
with accumulators of different kinds — for instance, two spheres of 
18 inches (45*72 centim.) in diameter, presenting each a super- 
ficies of 707 square feet (65*68 square decim.), and cylinders of 



♦ Journal of the Chemical Society, 2nd series, vol. vi. p. 488 ; Comptes Rendift 
1868, p. 794. 
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paper covered with tinfoil, eacli liav-iiig a surface of 16 square feet 
{148'64 square decim.); the globe and cylinders were iu all cases 




1 



oarefully insulated. Other accumulators were composed of coils of 
two copper wires y^- of an inch (O'l 6 ccntim.) in diameter, covered 
with gutta-porcha, in two folds, ^'j of an inch (0'08 ceutim.) thick. 
One coil contains two wires, A A' and B B' ffig. 1), coiled side by 
side, each being 174 yards (159 metres) long, another witli two 
wires, each 350 yards f 320 metres) long ; of the latter we have 
two coils. 

In addition to these accumulators we have several others formed 
of alternate plates of tinfoil and insulating material, such as paper 
saturated with paratfine, and also sheets of vulcanite. These are of 
various capacities, and contain from five to several hundred squai-e 
feet The largest has a capacity of 47'5 microfarads ; when it is 
'lischarged it gives a very bright short spark, accompanied by a 
loud snap ; the charge deflagrates 8 inches (20'32 centim.) of 
platinum wire, '005 inch (O'l 27 millim.) in diameter, when it is 
caused to pass through it. Each accumulator gives different 
results ; but for the present we shall confine ourselves to a descrip- 
tion of the experiments made with the coil-accumulators. 

When the terminals of the battery are connected witli the wires 
of a vacuum-tube which permits of the passage of the current, the 
"ires (especially that connected with the zinc end) become sur- 
'uuuded with a soft nebulous light, in which several concentric 
layers of different degrees of brilliancy are seen ; in most cases 
tliere is either no indication of stratification, or only a feeble ill- 
Jefined tendency to stratification : the tubes selected for those experi- 
ments were tliose iu which the stratification did not appear at all. 
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When the battery, already in connection with the vacuum-tabe, 
was also joined, as in fig. 2, on to one or more coil-condensers 
(coupled to introduce a greater length of wire) in the following 
manner, then immediately well-defined stratifications appeared in 
the vacuum-tube. 




Fig. 2. 

S Z represents the battery, V the vacuum-tube, C the coil- 
condenser ; one terminal is connected with the end A of the wire 
A A', and the other terminal with the end B of the second wire 
B B' ; connexions are also led to the wires of the vacuum-tube. 
The ends A' and B' are left free; and it is clear th^l the coil forms 
a sort of Leyden jar when thus used : an interval, however short 
it may be, must elapse in accumulating a charge which at intervals 
discharges itself and causes a greater flow in the vacuum-tube in 
addition to that which passes continuously. It may be stated that 
the capacity of the accumulator has to be carefully adjusted to 
prevent any cessation of the current, to avoid, in fact, a snapping 
discharge at distant intervals. The periodic overflows, so to speak, 
which increase the current from time to time, would seem to have 
a tendency to cause an interference of the current-waves, and to 
produce nodes of greater resistance in the medium, as evinced by 
the stratification which becomes apparent. To the eye no pulsation 
in the current is apparent; and in order to convince ourselves 
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whether or not there was really any fluctuation in the current 
when the apparatus was thus coupled up with the battery, we made 
several experiments, and ultimately hit upon the following arrange- 
ment (fig. 3) : — 

V2 




Fig. 3. 

The primary wire p p' of a small induction-coil, both with and 
without the iron core, was introduced into the circuit as well as the 
vacuum-tube V ; to the secondary wire s s' of the induction-coil 
was connected a second vacuum-tube, V^. Under these circum- 
stances there was no change in the appearance of the discharge in 
V, in consequence of the introduction of the induction-coil, the 
terminals being still surrounded by the soft nebulous light before 
spoken of : no luminosity appeared in the second vacuum-tube V^ 
in connexion with the secondary wire of the induction-coil, except 
on making and breaking the connextion with the battery. At other 
times there was evidently no fluctuation in the continuous discharge, 
no periodic increase or diminution of flow, and consequently no 
nidueed current in the secondary wire s s' of the induction-coil. 

In the second experiment wires were also led fi^om the terminals 
of the battery (all other things remaining as before) to the coil- 
ftccumulator, as in fig. 4 ; then immediately the discharge in V 
became stratified and the secondary vacuum-tube V^ lighted up. 
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clearly showing that under these circumstances a fluctuation in the 
discharge really occurs on the appearance of stratification. 




Fig. 4. 



The hrilliancy of the discharge in V^ (the induced current passes 
through complicated vacuum-tubes through which the primary ' 
current cannot pass) depends greatly on the quality and quantity 
of the discharge in the primary vacuum-tube V. Under some cir- 
cumstances the second any discharge is extremely feeble, and the 
illumination in V^ barely visible ; under others it is very brilliant. 

Preparations are being made to render evident induced currents 
in the secondary wire of the coil too feeble to produce any illumi- 
nation. Pending the further development of our investigation, ve 
have ventured to give an account of our progress in elucidating 
some points in the theory of the vacuum-discharge, without any 
wish to ascribe to our results more weight than they deserve. 

Batteries of this description may be had from Messrs. Tisley 
and Spiller, Brompton Road. Their cost, in large numbers, is 
about one shilling per cell, exclusive of the charge of chloride of 
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silver, which costs about two shillings per oell. Tlie latter, either 
in tJie form of powder or of rods cast upon flattened silver wire, 
may be obtained from Messrs. Johnson and Matthoy, Hattoii 
Garden. When the battery is exhausted t!ie reduced silver may 
be readily reconverted into chloride, with scarcely any loss, 



ON A NEW THERMO-ELECTRIC PILE. 

By M. C. Clamond. 

The thermo-electric pile that I have termed " Thermo-Electric 
Generator," does not, as a whole, represent any absolutely new 
principle, but on the details of ita construction, and the method of 
heating it, an essentially practical apparatus is realised, for it com- 
bines the duplicate advantages of being comparatively small, and of 
liroduciug a constant and energetic current with a reasonable con- 
sumption of gas. 

Before describing the technical details of my apparatus it may 
he well to give a retrospective glance at the whole question. 
The thermo-electric currents discovered by Lubeck have been 
searchingly investigated by various distinguished physicists, 
SDiongst others by Marcus and Bccquerel. Tlie latter has 
minutely studied tlie laws of thermo-electric currents in various 
substances at different temperatures, and it may be said that if 
iiis researches have not resulted in the production of a practical 
lliermo-pile, they are not the less deserving of full recognition by 
all those who are occupied with thermo-electricity. The first 
attempt at a practical tlienno-pile was made by Mr. Farmer, who 
exhibited two of his models at the Universal Exhibition of 1867. 
This apparatus, in itself of considerable note, was defective, inas- 
much as it lost power rapidly, and the bars, which were very 
fragile, broke in cooling. 



On the 31st May, 1869, M. Becqiierel preseuted to the Inatitiito 
a tliermo-pila wliich I hud <!oiistructecl in conjunction with M. 
Mure, tUe couples eoiisist-ing of galena and iron. 

He, at tiie same time, proved that tlie weakening of the curren^ 
arose not from a diminution of tlie eleeti-omotive force but from 
the gradual increase in the resistance of the apparatus. I must 
say, in justice fo my colleague M. Mixre, that if our joint efForta 
failed in rendering the galena pile durable, they resulted in giving 
to the ap[)aratuH a form aud arrangement which I have since bcea 
unable to im]irove upon. The subsequent researches I have madtf 
have proved tliat the increased resistance is due to two causes :- 

1. The oxidation of the points of contact of the plates under 
the influence of heat, 

2. The lamination of the bar and its separation into plates in 
planes perpendicular to its length. I have obviated the first ineon* 
veniencQ. by a particular method of connecting the couples. T© 
effect this the metal-piat«, being cut in a die, is bent round in suehr 
a manner as tn form liinge-Iikc projections. Tliese projection^ 
being inserted in the mould in which the fiiaible alloy or compound 
is cast becomes enclosed in the latter, which likewise finds ita way 
into the interstices of the hinges so fonned. The expansion of the 
compound tmder the eftects of heat by increasing the interior pres- 
sure tends to improve the contact. 

The second source of failure has been found far more difficult b 
obviate. When a thermo-electric substance, either a metal or B 
sulphuret, is cast in a cubical mould, three separate planes of sep&< 
ration are formed parallel with tlie faces of the cube, so that in foci 
eight separate cubes are obtained. Tliese separations are not a 
first visible, but after the mass baa been heated repeatedly theiij 
existence is rendered clearly evident by black coats of oxide formec 
internally. This may be explained by the coai si deration of the &d 
that all thermo-electric substauees, being deprived of their e]a» 
ticityand rendered more or less brittle, are regularly ciystallised oj 
the sides of the mould. As thermo-electric substances cast in oolJ 
moulds are excessively brittle, it was thought that by annealiujjj 
the bars the difficulty would be overcome. The efiect of this, how* 
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ever, is simply to give tliein a siiperficini appearance of solidity, 
but it actually clevelopes the fissures formed in the casting. I have 
tried thermo-piles with galena and with metallic alloys, both an- 
nealed, and as obtained from the moidds, and have invariably found 
that those which had heeu annealed lost power more rapidly than 




the others To ubta 1 ogeueoua bars tl e lollow ng coi ditions 
should be fulfil ed Neut al se the nflueu e of the s de of the 
moulds, and pre o t as far ai possil le all rj tall zat on To effect 
this, [ have adopted tho plan followed in giving solidity to, and 
avoiding crysiallization in the manufacture of, wax candles. The 
mould being heated to a temperature approaching that of the point 
of fusion of the substance dealt with, the latter is cast at a tem- 
perature near its own point of solidification, 

I have adopted for the construction of my couples the alloy of 
zinc and antimony employed by Marcus, together with plates of 
iron. I have chosen the alloy of zinc and antimony because it is a 
good conductor of electricity, and because its point of fusion is well 
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adapted to the process referred to above for casting. I must, 
however, in passing, allude to a fact which is opposed to the 
received ideas on the subject. 

It is well known that the alloy of zinc and antimony has its 
highest thermo-electric power when it is composed of equal chemical 
equivalents of the two metals. Now experience has induced me to 
lower the electromotive force of my bars, so that I may gain in 
quantity what I lose in potential. Thus the model I have the honour 
to submit to the Society deposits 20 grammes of copper per hour, and 
the same model, constructed with an alloy which would develope a 
higher electromotive force, would only deposit 12 grammes per 
hour. This arises from the fact that the internal resistance of the 
bar diminishes more rapidly than its electromotive force, and thus 

E 

the constant g of the couple rises. Hence it follows that the employ- 
ment of the most energetic bars does not necessarily supply the 
most energetic pile. 

I employ iron preferably to copper or German silver, because 
the latter metals are dissolved by the alloy, and the couple is 
rapidly rendered useless. Iron, on the contrary, is very durable. 
A thermo-pile may thus be constructed which is not subject to 
deterioration. 

I am indebted to M. Jamin for permission to set up my apparatus 
in his laboratory in the Sorbonne and for the facilities I have there 
obtained for my investigations. One of these thermo -piles was 
worked there for six mouths without undergoing any apparent 
change. 

The following is the arrangement of the pile. The couples are 
joined up in a crown or circle, and connected in series. These 
crowns are each composed of ten couples ; they are superposed and 
insulated &om each other by asbestos. The whole forms a cylinder, 
whose interior is luted with asbestos, and heated by means of a 
clay tube perforated with holes. The mixed gas and air passing up 
this tube escapes through the holes, and is burnt in the annular 
space between it and the couples. The extremities of each crown 
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I are connected to copper tennioals, and the former can be connected 
I in series or for quantity. 




Vertical Bection shoving the bars connected for qaBotitf. 
T Tube fnrtiishing sDppI; of gas. 
A Claj or porcelain tube, pierced with holes N, bj irhich the mixed gaa 

ttnd air escape into the annular epace. 
D Supply of air to rapport combustion. 
BB Thermo-electric bars or conples, 
rr AsbeBtos ringB inanlating the couples from each other. 
The expenditure of gas ie controlled by one of M. GJraud's 
regulators, which delivers a constant supply independent of varia- 
tions of pressure. 

Thus arranged and constructed this battery works whole months 
without maintenance or inspention, giving for the whole period 
absolutely constant currents. The model exhibited consumes 1 70 
lib'ea of gas, valued about 1 haHpenny (5 centimes) per hour, and 
deposits 20 grammes of copper in that time. This makes the cost 
of depositing 1 kilogramme (2-205 lbs.) 2s. Id. (2fr. 50 c.). A 
certain number of these models have been working for some 
niontha in electro-plating works. 

In conclusion, I may remark that I have constructed models of 
various sizes. As the quantity of electricity varies with the dimen- 
sions of the couples, I have made these varying from 50 grammes 
to 4 kilogrammes in weight. Experience has shown that with an 
equal number of couples the weight of copper deposited is propor- 
tionate to the weight of the couples. 
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The Thirty-seventh Ordinary General Meeting was held on Wed- 
nesday, the 12th May, 1875, Mr. Latimer Clark, President, in 
the Chair. 



The following Paper was then read : — 

ON AN IMPROVED METHOD OF MEASURING 

BATTERY RESISTANCE. 

By Frederick Hawkins, M.S.T.E. 

The author of this Paper, having for some years conducted many 
experiments on batteries of various kinds, and applied most of the 
known methods for testing them, had found a great want of a better 
and more reliable system, combined with quickness, when a number 
had to be tested in a short time. 

The greatest necessity was found for this change when testing 
the Leclanche Battery, it being found to polarise very rapidly 
when under the usual test. 

The internal resistance of this battery could not be ascertained 
with anything like accuracy when tested by Fleeming Jenkin's 
method, where the galvanometer is shunted by a small piece of 
wire. 

This method is the worst that can be applied for the testing of 
the Leclanche battery, as the whole force of the current is passed 
through a low resistance circuit, while obtaining the first deflection 
on the Thomson scale, which seriously lowers the tension before 
a second deflection can be obtained, in other words the battery- 
potential varies. The author now finds, after three years' expe- 
rience, that the whole of the tests requisite in a battery can be 
conducted upon a sensitive Thompson galvanometer with great 
accuracy. 

First, the electromotive force in volts (this being nothing new). 

Second, the quantitative force by the application of a stout bar, 



in a horizontal position at the back ajid about the centre of the 
upper coil of the galvanometer. 

This bar is adjusted by a micrometer screw to regtdate the posi- 
tion and the acting force of the quantity current. 

The connecting wires to the bar are one-tenth of an inch in 
diameter (see thick lines on dia^am). This wire being very short 
and stont offers little or no resistance. 

When the circuit of the battery is completed in this wire, the 
quantity deflection is observable on the scale. 

The great advantage of this is having a delicately suspended 
needle, perfectly independent of the internal arrangements of tlie 
galvanometer itself, to illustrate tlie quantity force upon an accu- 
.itely graduated scale. 

Another advantage is gained by the application of this bar ; it is, 
that the polarization can he determined with great accuracy, as 
when the thick line circuit is complete, the fall of potential or polar- 
ization (it being short circuit) will be observed on the scale. 

My method of taking internal resistance is as follows : — 

The condenser being kept continually charged, and the discharge 
taken upon the galvanometer for the first deflection, the condenser 
is again charged and kept so, when, for obtaining tlie internal 
resistance, the tension on the condenser is changed by interposing 
a resistance in a second circuit of the battery, which acts by tap- 
]iiiig the condenser by short contacts, until the deflection is halved. 

I will now proceed to describe the key which I specially devised 
to meet the requirements necessary to make a series of tests on 
^iiveral cells with the greatest possible dispatch. 

This key enables the operator to take all the necessary tests on 
silly battery, without changing any of the connections, and being 
!i double switch key with friction contacts is very rehable. 

Tlie large diagram represents all the apparatus witli key 
, combined. 

The connections only require to be changed when interposing 
another battery. 

To obtain force in volts, put plug in C, A being unplngged, and 
ping in S, pass switch Ehard up to stop on N, and observe D. 
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Obtain deflection D with W, next deflection on B (call this d), 
then T = - - . 

To obtain quantitative force pass switch F hard over to atop O 
(current passing through Q and H), and observe D. On the scaU 
will be observed the fall which is due to polarization. 

To ascertain the polarization per cent, of any battery compared 
witli a Daniell's unit cell, after one minute's short circuit through 
Q and H, pass switch F hard over to stop 0, observe D and time 
of contact, pass F quickly back to stop P, R being plugged for no 
resistance. This operation causes D to fall to zero, tlie batteij 
still being on circuit. 

At the end of one minute froni first contact quickly pass switch 
F back hard to contact and observe deflection on D (call this D') 

tl,e„ U = 100 - ^1_''_1^, 

To obtain internal resistance, short circuit G by plug in abort 
circuit piece and unplug C, quickly passing switch E to M j tii& 
current passes through circuit wire Z charging C, no deflection 
should be observable ; next remove short circuit plug and quickly' 
pass switch E to N observing deflection D ; nest recharge con- 
denser C, G being short circuited by plug in S as before, now 
switch F sharply over against stop and in contact with P, R beioff 
unplugged to what may be considered the approximate resistjincfl 
of tlie battery. 

Remove short cirenit plug (no deflection should be observable), 
quickly pass switch F over to M and observe D, unplug resistan08| 
■ B to what may be considered the resistance of the battery, and pasi 
switch F sharply over in contact with P, observing deflection D*, 
being very cautious that the contact is kept on no longer than 
when the oscillation has attained its full extent, as during this 
contact Leclanch^ batteries are found to polarize (lever is free 
from contact when in tlie centre between and P) ; should the 
deflection D^ bo half that of D, then the resistance unplugged in H 
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1 to that of Bj mid iftlie doflectJoii is not half, the resialjince 
ftust be varied iintil hali' of D is obtained. 

' Explanation of diagram. 

A 10,000 ohms. 

B Batterj to be teeted. 
' C CpndenBor J microfarad . 

D Deflection on scale througli onu megiilini, 
I E Left lever Bwitch . 

F Kigbt 

C GaWaDometei' resiat-ance. 

S Shntit. 

H Adjustable bar for lioantity and abort circ 

K Manipalating kejr. 

M Contax^t for electromotive force or fliargc. 

H „ dischargi!. 

L II qnaatity or short circnit. 

J. p „ taking internal r< 

. U Polarization par cent. 

' I Force in volts. 

|l Q Stoat wire quantity fir 

Z Small wire intensity ci. 
L V Internal resistance. 

!■ W Daniel! onit cell. 

' R Resistance bos. 

Y Value of W in volts. 

fJ'BESTUBNT : Haa any gentleman any remarka to make upon 
(per ? [After a pause.] I would ask just one or two ques- 
j I understand you take tlie electromotive force by the swing 
i| condenser — by meaauriug the swing of the galvanometer 
I from the discharge of the condenser. 
I Hawkins : Not the electromotive force. 
j. President : Do you do it by eom])aring with another 
&— you compare one current against the other ? 
f Hawkins : Yos, the constant current. 
j(' President : Wlien you measure your quantity by short- 
ing through the thick wire, ou ivhat form of needle do y(m 
fr deflection? 

!|Sawkihs : On the same galvanometer. 
JpBEaiDENT : Is the thick wire that which conducts a certain 
jt of current ? 
Hawkinm : Yes. 
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The following Paper was then read : — 
EARTH CONNECTIONS OF LIGHTNING CONDUCTORS, 

By Lieut.-Colonel Stotherd, RE. 

The danger of bad earth connections for lightning conductors 
is strongly exemplified in an incident the particulars of which 
have been given me by Mr. H. Howard, Senior Surveyor of the 
Department of Works, Royal Arsenal, Woolwich. 

About the year 1855, a small powder magazine, close to the sea 
coast, at East London, Cape of Good Hope, was struck by light- 
ning ; the solid iron conductor, about 1^ inch in diameter, was 
torn to pieces and the gable much injured, no damage however 
being done to the powder stored in the magazine. A subsequent 
examination showed that the iron rod forming the lightning con- 
ductor was split up and portions of it broken off, so as to render 
the conductor useless as a protection against lightning. 

The lightning conductor, in this case, was attached to a gable of 
the magazine, and projected well over the top. The earth connec- 
tion, if the arrangement employed can be called a connection ataD, 
was made, as in the subjoined sketch, by carrying the lower end 
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if the conductor into a pit, intended to hold water pemumently, but 
lescribed as being frequently dry. The magazine stood on the top 
)f a hill, about 200 feet above the sea leveL The sofl at this point 
>Dsisted of about 12 inches of sand, overlying old red sandstone. 
lere is but little rain at East London during the summer, some- 
1 times even for months, and the heat is very great Under sodi 
eircumstances the ground in the neighbourhood of the magazine 
ivas necessarily very dry and a bad conductor of electricity. 

There seems to be some doubt as to whether the pit into which 
the conductor was led was built in cement, and, even so, whether 
the cement was sufficiently good to make the tank watertight The 
cement generally used at the Cape at that period (1855) is described 
as ^^ Roman Cement ;*' this was sent out from En^and, and fre- 
quently deteriorated so much during the voyage as to arrive in a 
very worthless state. ^ 

Whether the tank was water-tight or not is, however, immaterial, 
&B in either case the earth connection must have been bad. If the 
tank was full of water, the cement, preventing percolation through 
its sides and bottom, would to a great extent insulate the earth 
connection ; if the tank was dry the conditions would be equally 
bad. The earth connection was therefore at fault, and there seems 
to be no doubt that the destruction of the lightning conductor was 
directly due to this fact ; the charge of electricity, being unable to 
escape through the earth connection, was carried off at various 
points with disruptive effect 

There are two points connected with the case described, which 
demand attention. 

Ist The use of tanks as a means of connecting lightning con- 
ductors with the earth. 

2nd. The employment of iron for lightm'ng conductors in substi- 
tution for copper. 

As regards the first question, there seems to be no doubt that 
tanks are of no value as earth connections. If built water-tight, 
the mere fact of their preventing the escape of the water to the 
svirrounding soil insulates the earth connection, if not entirely at 
least to a considerable extent. If the earth in the vicinity of the 
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liiiik is iiermancntly dry, tlie fact of its being full of water does 
not assist in tlie escape of a clmrge of electricity, beyond the point 
where the conductor terminates. If the earth in the vicinity of tJlB 
tank is permanently damp, it is preferable to connect the condueloc 
directly to metallic conductors radiating from its extremity directly 
through the moist soil, without tho intervention of a tank. For 
these reasons tanks, which were formerly exclusively employed in 
connection with lightning conductors, have be«i diacontinaed in' 
Government buildings. Earth connections are now formed, 
such eases, by means of old iron laid underground for a conaider- 
abie distance and carried into damp earth. 

In a letter recently received by mo from Sir William Thomson, 
he ways : " I think it would be particidarly important to find 
whether, with a pit lined with Portland cement, and full of \ 
tlie cement would prevent earth connection. I see you as 
that it would do so, but I am rather disposed to think that tiifl 
moisture permeating through the Portland cement would, with 
sufficient area of sides and bottom, give a very good earth conuoy 
tion. If the gi-ound is dry and porous outside the cement basin, 
then undoubtedly there would he a failure of the earth connectioft- 
In fact, it is exceedingly difficult, perhaps not possible, to get* 
sufficient earth connection to do away with danger from lightuing 
on any high and dry foundation. To make a building in such K 
jiosition Hafe, I should think it would be necessary to cany i 
jMnverful conductor down deep enough to reach a naturally n 
undergi'ound stratum." It is not intended for a moment to se 
an (ipinion in opposition to so high an authority as Sir Wiiliaifl 
Thomson. His letter was written as a comment upou tlie soluti<B 
which has Just been given of the cause of tho accident to t 
lightning conductor at East London, and it is now brought forwari 
in the hope that some one present may he able to throw light (H 
the subject. There are many here present who have bad con8idffl> 
able experience in the difficulties attendant upon earth conneoticffl 
in working lines of eioetrio telegraph, and these difficulties i 
equally to be found in the case of lightning conductors for ( 
protection of buildings. My own impression is, that the i 
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of resistance in a tank will depend direetly upon the qnality of the 
cement with which it is bnilt ; tlie better tlie cement, as a water- 
tight envelope, the greater the resistance, an absolutely watertight 
tank, of course, producing the greatest impediment to the escape 
of an electrical discharge. The point on which information is 
sought is the resistance of Portland or other cement, of the best 
quality in a tank, which has been kept full of water sufEciently 
long to admit of filtration through the cement envelope, if such 
filtration is ever to occur. 

2nd. Ab regards the employment of iron for lightning conductorB 
in substitution for copper. 

Though the late Sir William Snow Harris recommended the 
general use of copper for lightning conductors, he was not averse 
to the employment of iron, provided it could be secured from oxida- 
tion and decay. In a memorandum written by him for the War 
Department about the year 1858, he suggests the use of galvanised 
iron for this purpose ; galvanising was then a comparatively new 
process, and the protection of iron lightning conductors by it was 
Buggested by him more as an experiment than as an established 
system. Other electricians of eminence, and notably Sir William 
Thomson, have recently recommended the use of iron for lightning 
conductors. The accident at East London, if attributable to some 
other cause than a bad earth connection, might throw donht on the 
suitability of this metal ; biit assuming that the earth connection 
was at fault, it does not seem to militate in any way against the use 
of iron, when galvanised and properly protected from atmospheric 
action. 

Its advantages over copper are cheapness, greater resistance to 
mechanical injury, and higher temperature effusion (2,786° Faliren- 
lieit as compared with 1,994° for copper); it is, moreover, less 
tempting to the thief, whose operations, not being conducted on 
scientific principles, might produce serious consequences on a sys- 
tem of lightning conductors. Its disadvantages, as compared with 
c^)pper, are its smaller conductivity (about one-fiflJi that of the 
latter metal), and ita greater liability to oxidation and decay. 

To obviate the first it would only be necessary to increase the 
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miiiilicr iiiifl size of the comluctars ; the use of galvanised iron^ 
piovidcd the galvanising is thoroughly well executed, would go &( 
to prevent oxidation and decay. The conductivity of zinc is b 
tliat of iron as about 8 to 5 ; it would therefore- be an improvemont 
in that respect. Galvanised iron rods 1 inch in diameter, or band* 
2 inches wide and | inch thick, would be sufficient to convey t 
heaviest charge of electricity likely to occur during any storm ill 
this country to earth without danger. The dimensions of coppai 
conductors at present recommended for Government biiildings an 
— rods J inch in diameter, tubes | inch in diameter, and ^ inch thick^ 
and bands IJ inches wide and ^ inch thick. 

Mr. W. H. Prekce said : Mr, President, I think there are many 
indications that we may anticipate severe electrical storms durii^ 
the ensuing year, and we are indebted to Col. Stotberd for giving 
ua a paper as a peg upon which to hang a discussion upon tlirf 
subject. We have passed through a winter of extreme aeveriljY 
and we hear from the antipodes, and from the Cape especially) 
that thunder storms have been unusually numerous and ex- 
ceptionally severe, and it really behoves us as Electrical Engineers 
to call the attention of the public at large to the sbamefiJ and 
dreadful neglect of the simple and inexpensive means of protection 
which are at the disposal of all. 

In the remarks we have heard this evening there are two or 
three points suggested which are calculated to improve our know 

Ige of the effects of atmospheric electricity, and of the n 
our disposal to protect ourselves from them. A most interesting 
and admirable account appeared in a periodical which we all retif 
called Nature, written by Mr. Pidgeon, who resided neW 
Torquay : and the subject has also been brought before the Sncie^ 
of Arts in an elaborate, exhaustive, and extremely able paper by 
Dr. Mann, the President of the Meteorological Sociefy. 
happy to inform you that Mr. Pidgeon and Dr. Mann are preBenlf 
and will both, I have no doubt, give us their experience and lb* 
benefit of tlieir advice; but Mr. Pidgeon 's communication »' 
■' Nature " is one which is so valuable that in the first place I wilL 
road it out — not so much for your own edification to-night but in. 




OT(l(;r that it may be jirintod in our Protrecdiiiga a;* a model nf wliiit 
scientific observations ought to be. Anything more precise, more 
complete, and anything more absent from theory, I have seldom 
read ; for almost all scientific communieations are ruined by 
nle attempts to explain phenomena wliich really are only ex- 
plicable upon well-considered and well-known theoretical bases. 
We want, in this Society espeoially, facts ; many amongst iis have 
theoretical knowledge suiKoient to mould those facts into some form 
that will place eventually the theory of atmospheric electricity on a 
^Mting it is not now — that is, on a footing of truth. 
Hpfr. Pidgeon, writing to JSIature, says : — 

^P The following is offered you for publication in the hope that 
Tne facts were observed acciirately enough to be of value, and in 
the belief that reliable accounts of similar experiences are rare," 

In order to make tlie matter clear to you I placed myself in 
communication with Mr. Pidgeon, and through his kindness I 
received a sketch of the ])remises and of the results of the 
phenomena, which I have drawn in the diagram behind the 
President, That is a sketch (page 268) oi' the house and grounds 
in which the accident took place 

The explanation marked on the sketch will enable you to follow 
the diagram, and the diagram will assist in following the cora- 
munication. 

" The house in which with my family and I have spent the winter 
standa in the centre of Torbay and close to the sea. In the garden, 
which gives access to the shore, is a flagstaff (once belonging to 
tlie Coast Guard) 50 feet high, with a metal vane at the top, and 
taring the mast steadie<l at about 25 feet from the ground in the 
Hsual way with iron-wire guys. About a foot above ground each 
wire rope terminates in a J-incb chain, which is anchored a few feet 
ill the soil. These chains are much corroded, their original dia- 
meter being reduced here and there to ^-incli. 

" February 25th was a rainy day during the forenoon, with 
heavy wind from the south-east, but in the afternoon the sky 
'■iQiired. There had been no sign of thunder all day. At 5 p.m. 
i"v wife, my son, and myself were standing under the flagste,ff and 
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within 10 feet of a mooring chain, watching the bay, when the 
vane was suddenly struck by lightning, which broke the mast short 
off in two places, tearing and splitting the wood between the vane 
and the iron guy ropes. Through these the discharge then passed I 
to the ground, but three out of the four, mooring chains were 
broken. Not only one, but many links in each of these chains were 
snapped, both above and below ground, and several of the links 
were broken in two places at once. The fractures were crystalline 
and showed no signs of heat. On the garden path, and within a 
yard of myself, stood an iron roller, towards which the discharge 
ploughed two shallow fiirrows in the gravel ; one of, these is 8 feet 
long and terminates in a splash of gravel upon the roller. 

" The broken mast and vane fell to the ground close to us. The 
former was blackened from end to end around half its circumfer- 
ence, and the edges of the discolouration form ragged splashes. 
The brass tube forming the vane was ripped open, and all solder 
about the vane melted. Below the point where the wire-ropes 
were attached to it the mast was uninjured. Shivered fragments 
of the staff were found on the ground as far as 150 feet to wind- 
ward. Heavy hail followed the flash, the wind falling instantly to 
a dead calm ; a second but distant flash was seen twenty minutes 
later, after which there was no more lightning. The discharge 
startled the whole village of Paignton; the coastguard officer 
compares the explosion to that of a 300-pounder gun; and at 
Torquay, 3^ miles distant, a scientiflc friend speaks of both flash 
and crash as most terrific. 

" I must now attempt to describe the effects on ourselves and the 
impressions on our senses, though I am conscious of difficulty in 
avoiding subjective matter here. Of the three, my wife only was 
^ struck,' and fell to the ground, my son and myself remaining 
erect, and all three retaining consciousness. For more than half 
an hour my wife lost the use of her lower limbs and lefl hand, boA 
of which became rigid. From the feet to the knees she 
splashed with rose-coloured tree-like marks, branching uf ' 
while a large tree like mark, with six principal branches r^' 
from a common centre, thirteen inches in its largest diar 
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bright rose-red, covered the body. None of us are certain of 
having seen the flash, and my wife is sure she saw nothing. As to 




Fac-simile of chief mark made bj the discharge on Mrs. Pidgeon — from carefnl 

measnrement. 

the noise, my wife heard a ' I jllowing ' sound and a * squish,' re- 
calling fireworks ; my son also heard a * bellow,' while 1 seemed 
conscious of a sharp explosion. My wife describes her feeling as 
that of ^ dying away gently into darkness,' and being roused by a 
tremendous blow on the body, where the chief mark was afterwards 
found. My son and myself were conscious of a sudden and terrific 
general disturbance, and he affirms that he received a severe and 
distinctly electrical shock in both legs. My left arm, shoulder, and 
throat especially suffered violent disturbance, but I did not think it 
was electrical. As I turned to help my wife, who was on the 
ground, I shouted, as I thought, that I was unhurt, and hoped they 
were also, but it seems I only uttered inarticulate sounds, and my 
son, in his first attempt to answer, did the same. This, however, 
was only momentary ; in an instant we both spoke plainly. 

" Neither of us referred the occurrence immediately to its true 
cause, but the idea of being fired at was present to all our minds ; 
my wife indeed remained of opinion that she was shot through the 
body, until she heard me speak of lightning. An infinitesimal 
lapse of time enabled my son and myself to recognise lightning ; 
but I cannot say whether I did so before or after my first glimpse 
of the wreck on the ground. Neither of us heard or saw the mast 
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fall, though it descended fifty feet, and fell on hard gravel close to 
ns. My son and myself both exj^erienced a momentary feeling of 
intense anger against some ' person or persons unknown,' fiirther 
showing that we primarily referred the shock to some conscious' 
agency. I ought perhaps to add, that neither of us felt any sensation 
of fear at the time ; but we were all very nervous for several days after. 

" I have endeavoured to keep to fact throughout, but I venture 
to add a remark made by my wife as we raised her from the 
ground : ' I feel quite sure that death from lightning must be abso- 
lutely painless ;' and I offer it as an unconscious corroboration of 
views on this subject which our experience seems to strengthen. 

" Though no electrician, I conclude from the splash of gravel on 
the garden-roller that the discharge was from cloud to earth, and 
the oxidised mooring-chains being inadequate to carry it all to 
ground, my wife formed a conductor for one of many sprays flying 
in all directions from the broken links." 

Now (continued Mr. Preece) as this statement of Mr. Pidgeon 
was so clear and interesting, and as it answered several questions 
in connection with lightning which required elucidation, I placed 
myself in communication with Mr. Pidgeon, and he added some 
interesting facts to the information he had already given. I will 
just read one or two extracts from the subsequent correspondence. 

" The sky," he says, " was * wild,' but bright at intervals, one 
of those days which abound in beautiful atmospheric effects. Wind- 
galls had been frequent, and scuds crossed the bay now and again. 
We were on the shore watching the exquisite play of colouring over 
the bay when a scud approached us rapidly. 

" We could see it coming four miles off, and as it neared, fearing 
a wetting, we ascended into the grounds by the steps shown in 
the plate, with a view to going indoors. 

'^ On arriving at the positions shown at L, E, D, the scud proved 
to be hail, not rain, so we remained in partial shelter, still watching 
the effects over the bay. I cannot but imagine that the presence 
of our 50 ft. mast was, as you express it, ' the last straw which 
broke the camel's back,' and that the cloud might have passed 
without any restoration of the electric equilibrium but for it. It 
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lia<l travelled in cur sight many miles without disohargo, but tlio 
moment it passed over tlie staft" discharge took place. 

" From the accounts of onr servants in the house, our neigh- 
bours, the boatmen and coastguard officers, I should say the 
discharge was such an one as you characterise as peculiar to the 
masts of ships, distinguished from a mass of building. My friend 
and neighbour Colonel Fagan, an old Indian soldier who has seen 
mnch service, says it passed all his previous experience. His 
lionse is 500 yards from the staff, and he ' ducked to the shot,' to 
use his own espreasion, when tlie discharge took place. 

" In the diagram (facing page 268) A shows the garden roller 
and B, B, B the sinuous furrows traced in the gravel. C is an 
iron drain grating, to which also short furrows were dug. The 
roller stood on the gravel path, the ' splash ' on it was found as 
shown in the sketch below, where c represents the furrow and 
a b the splash : the ground was damp from the morning's heavy 




rain, and no doubt the point at which the roller rested would be 
more damp stilt. Tlie ajipearanoe of the splash might very well 
lie imitated by supposing that a drop of water, charged with dirt 
mill in the spheroidal condition, had suddenly burst into steam 
nnd scattered its suspended dirt over the circumference of the 
roller. The subsoil below the gravel path and turf is new red 
Sandstone conglomerate. 

" In the elevation e shows the place where the mast broke off; 
Mthis point it was spliced with the two iron collars, /is the point 
if attachment of the iron wire guy-ropes. Tlie dotted lines at tlio 
ground end of the guy-ropes represent the chains in which they tei-- 
minated. With regiu'd to the blackening of the mast, this extended 
from rf to/; the mast, which is twenty or thirty years old, was 
CJiickly painted with many coats of white lead. I presume the 
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iliscolouratioii is reduced lead. It was lucky the staff broke at a 
instead of_/', because the Leavy gaff did not f'aU, 

" I have sbowu the peculiar double fracture of oue link 1 
size ill the diagram ; many were broken in this way, and t 
fractures were more numerous tkrouffh the sound tlian through i 
oxidised parts of the links notwitlistanding their diminie/ied jsectio; 
area. 

" I shall he very happy to answer any other questions you t 
ask, and very glad to get any oomplete esplanation of the whoi 
phenomena. 

" I had almost forgotten to mention that my wife, standing at L, 
had just closed tlie low door leading to the shore and was looking 
over it out to sea. The iron boh wliich fastens this door is exacd'i 
tlie same height from the ground line as the mark on my wife's 
body. The three broken wire ropes ai'e marked in jilan. My 
son stood at R. I stood at D. 

" One more point. All oar servants in tlie house, my trieiiii 
Colonel Fagan, his wife and daughter (house 500 yards from the 
staff), my son's tutor, and a young man reading with liim, the 
boatmen and coastguard, all within 600 or 800 yards, say tliey saw 
a ' ball of tire.' 

" Fcople who were looking out of south windows when the dift' 
charge could only be directly seen from north windows, made thS 
same remark, and a lady in Colonel Fagan's house, who ? 
searching tor something in a cupboard, obsen'cd the same thingi 
A most clear case, 1 think, of optical delusion this in re 
' ball lightning.' " 

Another point is, Mr. Pidgeon has brought the links themselvei 
which were fractured. 

Now there are two or three interesting points in connection w 
this dispharge which corroborate some opinions expressed in t 
room and some of our theories on the matter. In the first placft 
you observe, this high commanding tract, standing in the eeutce 
the beautiful bay of Torquay, was the first object which tliis charge 
cloud would meet, and it was at that point the practical diBcharg 
took place with the effects described. Again, the dischargo 1 
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piacc from tlio vaiio to the points where the ropes joined on to Hio 
mast, and fi-oin tliat point to the ground the mast remained nn- 
touclied — tlie same effect which we have experienced in telegrapli 
poles ; but we know with the passage of the discharge a pecuh'ar 
[ilienomenon occurred in the chain which was most mysterious and 
which requires consideration. These links were broken, not broken 
by fusion, not by any ordinary electrical effect, but torn asunder 
by a sudden strain or stress brought on them by some mechanical 
means. Whether these mechanical means were due to electrical 
causes or mechanical rupture of tlie mast it is difficult to say. 
Mr. Pidgeon will, perhaps, be able to enlighten us on that point. 
Again, the discharge itself from the point where the lightning 
entered into the ground, sought, as we know electrical discliarge 
will seek, the lino of shortest resistance. 

There is a curious fact connected with Torquay and Torbay, 
which I have mentioned before when discussing another subject, 
tiiat is, that in these places we experienced great difficulty in find- 
ing good earth for our circuit. Mr. Pidgeon mentions that the 
stratum beneath his garden is red sandstone conglomerate. Tor- 
quay itself is built upon the pure limestone, but the whole is what 
wc call insulated, so that we were obliged to carry plates out 
to sea a considerable distance before we could make good earth. 
At nil events, however, the stratum underlying this garden was a 
bad conductor, because we see by the furrows on the ground that 
tlie discharge, in place of going direct to earth, rather flew over the 
surface of the garden path, moist from the rain. It tore up the 
gravel in deep furrows and then flew to tlie iron roller, making an 
extensive surface-en n tact with the ground, which was the best 
earth-plate it could find. There are one or two other points I 
sboidd like to have mentioned ; but I will now say one or two words 
on the subject generally. The subject of lightning conductors, as 
aome of you know, is rather a hobby of mine, and when I do go 
into country towns and places, and have a few minutes to spai'e, I 
invariably go to the church, not only to admire the architecture, but 
especially to see what sort of lightning protector it is furnished 
n'ith, Rud I am bound to say this— I have never been to one church 
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yet whoro tbe liglitiiing conductor coniea iip to my notion of what I 
lightning protector should be. Sometiiiiea it has no jKiint, and eve 
no earth. Generally it is made of the most expensive copper rodj 
Bometimes of the most inoffioient iron tubes, broken in tbe middki 
In my experienoo of hundreds of churches, I have never seen t 
single lightning conductor that I would piuis as a lightning coib 
ductor. I think this is a point which telegraph engineers ought tt 
take up, because we, in our official duties, have occasion to go t 
distant places, and we are called upon frequently to go to churdij 
and I am /^uite sure the telegraph engineer would be doing I 
duty, not only by going inside the church but by going outride 
and seeing how that edifice was protected from the efteets ol 
lightning. 

There are two or three matters in connection with the conductor 
itself which have to be considered. In the first place, the point 
The terminating of tlie conductor in a point is most i 
Colonel Stotherd has called attention to the metal of which tl» 
conductor is composed, and has raised a question whether it should 
be of iron or copper. He has given a description of the copper 
roda which are specified by the War Office, and, as I have sfud 
before, I think extravagantly. I think efficient lightning 
ductors can be obtained by the use of galvanised iron ropes. 

Again, as to the earth. We have hoard from Colonel i 
to-night a statement of the experience of the tanks at East Londw, 
at the Cape. Anything more sad to the electrician than to find * 
lightning conductor terminating in a tank lined with cement o 
scarcely be believed. I have only heard of one case to equal it 
Tliat was a ease mentioned by Dr. Mann, where the proprietor of* 
house found the end of his lightning protector lying coiled in the bi 
inent floor, and he took it and carefully coiled it in a pail of water.' 

Another point which requires notice is the advisability of con* 
neeting with the lightning protector masses of metal which oow 
prise the structure — ^such as galvanised iron roofe, iron tanlt^ 
pillars, and iron masses generally. I think all experienced tel» 
graphista will agree in saying that to protect a house from lightmnj 
we ought to see that all masses of metal which compose the hoiu 
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are iJi-opei-ly connected with the lightning protector to protect it 
from those eil'ccts of " return shocks " whicli aro as fatal aiid 
destructive as the direct discharge itself. 

There is another point on which I had a correspondence Jiot long 
ago with Major Majendie, who is the Inspector of the Homo Office 
over powder magazines and the transport of powder. He states 
he had a correspondence with some gunpowder manufacturer as to 
the advisahility of protecting liis p()wder magazine from lightning, 
when the powder manufacturer endL'avonred to prove to Major 
Majendie that lightning protectors in such cases were ahaolutely 
dangerous, and that his manufactory was safer without a lightning 
lirotector than with one. The argument adduced was that hie build- 
ings were surrounded with trees —trees themselves having a tendency 
b dissipate the charge. We all know that trees may conduct 
electricity, but they do not protect a building fi-om electi'icit)'. We 
know when a tree is struck hy lightning the branches are wrenched 
"ff, the bark is riven off, and the poor tree comes to grief. If tlio 
tree itself is not protected from lightning how can it serve as a 
protection for a building near to it ? 

An interesting point connected with the pl.enomena which 
occurred on the premises of Mr. Pidgeon is the form which the 
discharge of electricity is alleged to have taken. We have heard 
explanations of appearances called " fire-balls," and, as Mr. Pidgeon 
^ays in this partieulai' case, some of tlie people who saw the flash 
described it as having the appearance of a ball. Another interest- 
'hg point in the phenomena was this : Mrs. Pidgeon was at the 
time of the occurrence resting her arms on a gate, looking towards 
the sea, and when she was struck the flash, ns I have read to you, 
made those marks upon her body — those tree-like marks. Now, 
in numerous cases where individuals have beeu struck by lightning, 
marks Ijave appeared upon the body, and there are several instances 
un record, well authenticated, where the photographed images of 
objects have been marked on the person, 'There is one well- 
iinthenticated case, where a sailor was standing by the mast of a, 
ship upon which a horse-shoe was nailed, and upon his breast there 
was a distinct representation of the horse-shoe, In other cases 



EABTH CONNECTIONS OP 



tIttbM 



people struck by liglitiiiiig Iiavc Iiail marks upon tliem, but for 
most part tliey assume a ti'ee-like form, which may be explaii 
on tho principle of the vein-system of the body ; the nerves or V' 
become discoloured, and tliis leaves the ti-ee-like marks, 
photographed ima^e is more difficult to account for, but 
doubt the molecules which are disturbed by the force of 
discharge take the same confignration as the object which tl 
strike. 

I repeat, that in using copper wire so freely for liglitning cnn' 
ductoi^H we indulge in extravagance. There ia another reason 
why copper is objectionable. The copper wires are attached to a 
building by galvanised iron wall-eyes, and when a building gets 
damp we have all the conditions to generate a ciureut. We have 
copper, galvanised iron, and moisture. The result is a current tlial 
produces electrolytic action, and I have found on examining 
ductors distinct traces of the electrolytic action tending to destroy 
the utility of the conductors. The subject ia one of immense \xsf 
j>ortanee, and electricians cannot do better than apply their know 
ledge to the use of the community at largo by seeing that tl 
buildings which are open to them are properly protected froi 
the dangerous effects of electricity. 

Mr. PiDGEON said : Mr. Preece has made it necessary for me i 
do that which wsls fai- from my intention, viz., offer some remaii 
upon the phenomena he has brouglit befoi-e you. Having staU 
all the facts in my comniuuication to Mature, and my subseqoQ 
letter to Mr. Preece, and being no electrician myself, my dutyi 
properly at an end, and anything I have to say to-night ma 
resolve itself into stating my wish to answer any questions whif 
you an electricians may ask for the further elucidation of the pi 
mena. There is oue remark I would make with reference to ti 
fracture of tho links, and I will lay them upon tlie table. The 
links, you will see, are broken fair across aa if by a sudden ai 
violent blow ; not broken as if pulled out gradually. My first ii 
pression afler the occurrence was that the mast had been foro 
bodily over by tlie discharge in some way which I did not unde 
stand; and thus, acting as a levor, had wrenched tho linta apart. . 
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liowover, tliis hail boeu the ca.se, I slinuld have expected tliat the 
hnks would Lave yielded slowly to the strain, and would have 
been drawn out instead of being broken sharp aoross. Agahi, the 
mast itaelf was stopped into a square wooden socket, which it 
elosely fitted, and on examining the wooden socket and soil around 
it I could find no signs of tlie slightest disturbance. If theso links 
liad been broken by the mast acting as a lever there must have 
been disturbance of the soil at this spot. I should be glad to have 
some iufonnation as to the manner in which the chains were broken, 
and how the fuiTows were scored in the gravel-path, as described 
111 my eommmii cation to Nature. If any gentleman has any 
"jneBtiou to ask in fiu-ther elucidation of this matter I shall be happy 
to answer it as &r as I am able to do so. 

hi answer to Puesideni' : The wind was south-east, and the 
uititude of the house above the sea about forty feet. 

Dr. Mann (responding to tlie President's invitatioiil said: The 
paper read by Ool. Stotherd is one of great interest to me, inasmuch 
S3 East London is within about 200 miles of the spot where the 
[ eliiflf of mypractioal experience with atmospheric electricity has 
1 "Ben gained. I must say it was matter of surprise to me to heai* 
that in East London wo have had another instance of thoae extra- 
ut'diuary water-tight cisterns taking the place of earth contacts. It 
18 but a repetition of the old well-known case of the accident to the 
lighthouse at Genoa in 1827, in which the same state of things 
existed as has been described in the paper. A similar condition 
Sfems to bo present in a great part of tlio land which rises imme- 
Jiately to the south of the Lake of Constance. Every Jiouse in that 
tlistrict has from two to eight lightning couduetors. There is, 
uevertheiesa, never a season in which large fires from lightning do 
Dot occur. The soil is a porous limestone, that becomes during a 
part of the yeai- exhausted of water, aiid there is consequently 
entire absence of efficient earth- contacts for the lightning con- 
(iuftors. Ninety-nine cases out of a hundred of imperfect action 
uf lightning conductors can be traced to defect in this particular. 
Tiie second instance of accident illustrated in the meeting is one 
if cs(jeedtng interest. In this case the (lag-stafF had ear tli- contact 
VOL. IV. T 
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of a certain kind, or the discharge would not have passed down as 
it did, but the earth-contact was a bad one. The discharge was 
carried through the metal rope stays, and from them to the earth 
by a very large and diffuse bad earth-contact, which in this in- 
stance supplied the place of the well-arranged earth-contact, which 
would have carried away the discharge without mechanical mis- 
chief. 

Regarding the effects upon Mr. Pidgeon and his companions, in 
all probability this was an illustration of the operation of the return 
shock. If the discharge itself of the lightning had passed through 
their bodies they would not have been alive now. Marks upon the 
body might be produced by secondary lateral discharge, resulting 
from inductive action, concentrated on the point of greatest energy. 
In this instance it is quite obvious that a very large amount of 
mechanical influence was exerted at the lower part of the stays of 
the masts. There were four short pieces of iron chain there, of 
which many of the links were broken. In one of these links, which 
has been placed in my hands, I perceive traces of what looks to me 
very much like imperfect molecular cohesion in the part where the 
disruption has been occasioned. The chief .effect of the disruptive 
force was exerted as the electric discharge escaped through these 
points of increased resistance and different strength, producing a 
powerful mechanical effect of disintegration upon the several dis- 
connected links of the chain. Where this disintegrating effect and 
molecular disturbance were the greatest, the metallic continuity 
gave way. It should also be remarked that it is well known that 
metallic I'ods are shortened by powerful discharges of lightning that 
do not suffice for their fusion. This condition brought about in the 
continuous rope stays very probably facilitated the disruption of 
the chain links at the weak part. 

Professor Tyndall once received by accident the whole charge 
of the Royal Institution battery of 15 Leyden jars, and he states 
he was perfectly unconscious that any discharge passed through 
him. I incline very strongly to the opinion that Mr. Pidgeon and 
his companions experienced an electrical discharge of this cha- 
racter, and not stronger, either caused by the lateral inductive 
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action or by tlio Tory large diffnaioii of tlio cliscliiirgo hi iJI direc- 
tions i-ound aa it accomplished its pasaage to tho earth. 

The fact of this secondary indnctive dlsturbauee k easily illus- 
trated in various ways, but in no way more strikingly than by tho 
simple experiment in which copper wire is coiled round upon 
itself many timee, with the separate coils insulated in melted resin, 
so that when a secondary coil of exactly tJie same kind is placed 
within a quarter of an inch as a powertul electrical battery-dis- 
charge is passed tlirough the first coil, a strong spark is seen 
developed in a small break of continuity in the other at the instant 
of the discharge. 

We have, however, at present, no adequate idea of what the intense 
action is at the instant of discharge even in good lightning conductors. 
This is just one of the points which need further observation 
unci investigation in our dealings with this practical ajiplication of 
electrical science. 

The President : We have with us to-night Captain Stitfe, who 
has had considerable experience of storms in tropical climates. 
I would ask him whether he has arrived at any results or theory ? 

Captain Stippe : My experience has been of a negative kind, as 
showing the perfect protection of the lightning conductors adopted 
by the Navy, I have never seen a ship struck by lightning. I 
have seen electrical discharges from all points, but the protection is 
so complete that it never comes to a discliarge upon the ship in a storm. 

Major Malcolm, 11.E. : I am going to he guilty of what I am 
afraid may seem to some to bo a heresy. It is generally assumed 
tliat lightning conductors take tho discharge from the cloud and 
carry it down to the earth ; but I wtsli to ask whether Mr. Pidgeon's 
Qsperience does not point rather to the fact of conductors taking 
tlie charge from the earth and discliarging it towards the cloud ? 
Our particular difficulty this evening is to account for tlie breaking 
of the links, Now if the discharge from the earth was carried up 
llie wire ropes and there found a difficulty of travelling out by the 
jKiint to the cloud, and in ti'uvelliug split the upper portion of tlie 
mast, wouhl not the energy wliich was expended in doing that 
muse such a severe shock upon the chain as very probably to break 
t2 
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llie links? I know I'roni csperienco v/hew iron— even the bo) 
wrought iron — is suddenly broken it breaks with a crystalline Jracs 
ture ; so that it need not be assumed tliat anytliing except a veij 
sudden shock caused the crystalline appearance of the fracture 
and I think there is another point which shows tliat this was a dia. 
charge upwards : that is, the fragmonts of wood that were carriei 
150 yards distance. That looks almost like their being taken up 
into the air and carried away by the wind, and is not what cn» 
would anticipate if, as is ordinarily imagined, the lightning trv 
veiled downwards to earth.* If I had been aware of what wa» 
ooming on to-night I would have asked a friend of mine who WM 
struck hy lightning — at least he received a blow on the head- 
come hero. One evening he was struck, seeing a great flash lie 
hiui and sparks from tlie ribs of his umbrella, and the next momiiigj 
he went back to the place, and found a large pit where the lightning 
had gone into the earth. I asked him what was the shape of i^ 
edge of the pit, and he told me the eai'th was all scattered about 
That looks as if the discharge from whicli he suffered came o 
fiiim the earth. As to the question of cemented tanks, if it H 
thought desirable to ascertain what their resistance is, there a 
some good ones at Shorncliffe. They are in a nasty dry soil, but 
I can answer for their being watertight — I made them myself, 

Mr. Graves : With regard to one or two of the points raised, J 
think I may make contribution of the facts within my own e 
perience. The general question of insufficiency of lightning co 
dnctors, the reason why they fail to conduct, and the fractures tl 
are found to exist, resolve themselves into one of two causes ; eitJifl 
the material of the conductor is insufficient or the earth connection M 
not properly made ; good eartli is not provided. 1 may mentiDDJ 
as bearing upon the latter point, that some years ago I was engaga 
at Stockport, which lies almost entirely upon the new rod sand 

• Between the night when I said thia and my words going to the printer, I hrt 
noticed in the papers isevcral inetancea of lightning being said to desceuiti in HI 
case a ctiimnej, in another through the roof, and the popalar notion seems tnl 
that a flash of lightning is a thing like a bntteriiy, which can he caught bj a ligi 
oing condnctar and poclceted ; or perhaps, as damage is done, like some sort i 
cannon-hall which can in some myaterioiis way be eanght and got rid of. 
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atone. 1 axperienced some difficulty in obtaining earth for railway 
purposes in connection with the electrical block apparaCns. It was 
impossible to find what is called good earth ; the current escaping 
from one wire to the earth reappeared on other wires terminating 
nt the same points. We carried tlie wires from the instruments 
into the river which runs through Stockport, but the result was 
very little better ; the earth was somewhat improved, but atill im- 
perfect. In the end we had ia run main-lino wires 2^ miles back, 
iiiid then connect them with an earth-plate, after which we snc- 
eecNled in our object. 

About a year ago, dining with a millowner in Stockport, the 
Muversation turned upon lightning conductors. I told him the 
difficulty I had experienced in some neighbourhoods of getting 
eiirth for ordinary electrical connection. I asked hira whether any 
attempt had been made to ascertain in the case of the lightning 
conductor of his mill, whether good earth was found, and he told 
me that: all he knew was. that a copper-wire was fixed against the 
cliimiiey-wall with its end planted some five feet deep iu the earth. 
1 made other enquiries ou the same subject, and in one case I made 
a test of the conductor, and found the earth resistance was con- 
siderably over 1,000 ohms, it being evident that no endeavour had 
ln'cii made to ascertain the nature of the earth obtained- Lightning 
cunductors are put up in the majority of cases carelessly, without 
^i'iiurd to the resistances they meet with, and once put up are left 
''iitirely uncared for. The conductor is supposed to do its duty 
}'i'm' after year without any attention to its maintenance. Mr. 
I'reece alluded to his experience in the examination of churches, 
Mill I know myself of a case, that of Llandaif Cathedral, where the 
fiinductor is fixed to the spii-e of the church, without any eai'tli con- 
nection existing whatever. The conductor had been fixed to the build- 
iiio;, but it did not appear to be within the province of any one to 
H-ii that it was capable of doing its duty. This absence of inquiry 
into the nature of the earth made, and the complete absence of atten- 
tion to conductors when once fixed, lead, I am certain, to a gi-eat 
popular delusion as to the amount of protection which is afforded 
to many of our public buildings against the risks of lightning. 
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Dr. Mann: Allow mc to interpose one fiirther observation. Ifl 
think we are soniewliat unhapiiy in our constant appliL-ation of ihsl 
terms "negative" and "positive," because they seem to imply »■ 
movement of the meteor in one direction only in a lightning il'\&-^ 
charge, whereas in the case of electrical discharges there is in- 
variably transmission of the force in both directions. When .1 
Leyden jar is discharged through a card it is notorious that there . 
is a burr of outwardly-raised edges on both sides. Mons Calliiudi| 
allndes very pointedly to this fact in reference to diacharges f 
lightning, and ha says, " Le ruban de feu qui unit le nuage i\ la>l 
terre va aussi de la terre an nuage." Again, with regard to the.B 
actual movements of earth, wood, or other materia] substance a&l 
the instant nf a lightning discharge, that movement is entirelyi 
the result of the secondary mechanical force developed by the 
passage of the discharge amongst material molecules. It is esseiw 
tially similar to the explosive scattoring of material substahce 
by the sudden generation of steam in confined spaces. The term 
"ascending" and "descending" lightning are only admissible 
when they are intended to express the neutralization of the effects of 
an influence which in itself is no more an actual transportation 
onward than a wave is the transportation onwards of the water that 
undulittes. 

Mr. Kempe : It is stated that unnecessary expense is incurred 
in using copper in the place of iron conductors. There are one or 
two points to be couaiderud in this assumption. It is true that 
copper conducts better than iron, but is not the question this; 
Should we not use a thinner copper conductor tlian is usually 
employed? I think that in that case, regard being had to the 
higher conductivity of the one metal over the other, the cost wonM 
be in favour of the copper. The great obJBction to iron is its 
liabihty to ccrroaion. Copper is free from that defect. If you use 
thin copper wire in the place of thicfe iron wire, it might be argued 
that it would be susceptible of mechanical injury. We mm 
roeollect, however, that conductors can be carried inside as well II 
outside huitdings, therefore this objection falls to the ground, 
question tiieii resolves itself into this : Is it not better to emplo] 
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eoppei- wire of smaller dimonsion than tliat wliich is generallj' nsecl 
at a less cost, tbaii to use a lai'ger diameter of iron-wire at a greater 
cost? 

Mr. Spaqnoletti : 1 had the pleasure of a conversation with a 
scientific friend at Weymontb, and he pointed out to me the diffe- 
rent effects of storm clouds very diatinetly. He said, so distinctly 
were they visible, that he could watch the effects from his windows. 
He noticed, when a damp south-west eloud was blowing in the upjjer 
regions, and a uorth-east dry wind on the earth, you get the effect of 
a Leydflu jar, the dry east wind acting as a substitute for the glasa 
between the two electi'ified bodies ; and he particularly noticed the 
effect of the discharge. The lower end of the eloud generally dis- 
charges to the earth, while there is a corresponding discharge from 
tile earth into the cloud. There is another curious thing with 
regard to the passage of electricity respecting the Atlantic Cable. 
I was told by the Chairman of the Great Western Railway Com- 
pany, that on one occasion a message was sent from France on the 
French cable to America, and the same message was received at 
Yalentia, showing an effect as if there was a contact between the 
two cables, although they are fifty miles apail; from each other, I 
asked what was the formation of the bottom of the soa, and was 
told rock. I think from that it is tolerably clear that the resistance 
of fifty miles of salt water must have been less than the resistance 
of the rock. With regard to the effects of lightning upon persons 
Btnick by it, I may mention that on the Shrewsbury and Hereford 
Railway one of our linemen was engaged up amongst the wires at 
the time a storm was going on at Hereford, fifty miles off. The 
lightning struck the wires at Hereford, and travelled to Siircws- 
biiry. The man was struck, and was burnt in the arm and side, 
liotween which he had a wire, and in the leg by another wire, by 
which he was supporting himself; he was rendered senseless, and 
luckily caught his foot in the wires, by which ho was suspended 
imtil removed. He was very ill for about a month, but although 
ho resumed his duty he was never the same man, and died a few 
iimntlK after. With regard to the difficulty of getting good earth, 
J iiave found that to be tlio case in South Wales, and rocky 



284 EARTH CONNECTIONS OF [12th May, 

districts, particularly in the Swansea Valley, and to obtain a good 
earth there I was obliged to run the wires out a considerable 
distance from the Railway, and to give a separate earth to each 
instrument The rails on a line make an excellent earth or return 
channel, but the interference by renewing rails and packing are 
drawbacks to their use. I quite agree with Mr. Preece and Mr. 
Graves as to the neglected state of lightning conductors to buildings 
and structures generally ; professional aid in these constructions is 
evidently badly wanted. The three chief points of a conductor 
should be a sufficient conductor, good earth, and good joints 
where required. It is well to have them insulated from the build- 
ings they are intended to protect. Copper wire is the cheapest and 
best conductor that can be obtained, and if it is a temptation to the 
thief it might be joined to an iron cable five tinies its sectional 
area, at a distance out of reach; a good plumber's joint should 
be made at the point of junction. Good earth as a rule will always 
be found at the yard-pump, the pipe leading to the well, or, if the 
wire itself is led into the well, it will be sufficient ; low, damp, and 
clay soils are generally good, and a hole five or six feet deep in 
such ground will be found all that is necessary. 

Major Malcolm, R.E. : I would wish to ask Dr. Mann how he 
accounts for the splash of gravel upon the iron garden-roller. Mr. 
Pidgeon has likened it to the bursting of a drop of water. Also, 
how he accounts for the channels cut in the ground ; the diagram 
shows that they were of considerable extent. I think there must 
have been some mechanical motion in the action of the discharge. 
I have been informed that in 1848 or 1849 the band of the Royal 
Artillery were playing on Woolwich Common, at a place known as the 
Seven Sisters' trees. A flash of lightning came and struck several 
of the brass instruments out of the men's hands, on the south side 
of the circle. It also struck three men on guard some yards ofF, 
on the north side. Two of these men were killed, and the third 
was injured. These men were several yards apart from each other, 
and wore side-arms only. One of the men's bayonets was sti'uck 
upwards and injured the man's chest, while the bayonet was twisted 
into a corkscrew shape, and this is still preserved in the Repository 
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at Wnolwicli. There iimat have been mecliaiiieal motion some- 
wliere to ilu that, 

Coi, Stothebd : There are one or two points to which reference 
has been made which call for notice. First, as to the size of the 
capper conductor: the late Sir W. Snow Harris recommended 
larger dimensions for lightning conductors than those we employ 
at present. He also suggested the use of iron rods, and tubes and 
bands of proportionately large sectional area. We have recently 
reduced the dimensions recommended by him to those mentioned 
in this paper. Many eminent authorities think that these dimen- 
Bions might be still more reduced ; but where the building to be 
protected contains dangerous explosive substances we consider it 
I better to err on the safe side. Second, as to the connection of 
I metal used in the construction of a building. The rule with regard 
to Government buildings, including powder magazines, is, that all 
nietnl shall be put in connection with the system of lightning con- 
iliictors. Third, with regard to the question of trees round a maga- 
i^iiie, the case referred to by Mr. Preeee was explained to me, and 
niy opinion asked, whether the trees, which were much higher than 
the building itself, would not be a sufficient protection without any 
lightning conductors of ordinai-y character. The opinion I gave 
waa identical witli that which has been mentioned, and on which 
I believe Major Majendie acted. Fourth, with regard to tanks: 
*e no longer use them for the earth connections of lightning con- 
'Inctors. Years ago there was an order that lightning conductors 
Wore always to be led into tanks— the idea being, one would sup- 
|>'),ie, tliat the water would put the lightning out; but we have 
'iime away with that ; tanks are not now used, and I think I may 
say we adopt more scientific principles. The powder magazine at 
the Cape, referred to in this paper, was built about twenty years 
ago, when this order was in force ; but now we always lead the 
metallic conductor into moist earth. Fiftli, witli regard to the 
relative cost of copper and iron : my exjierience is, for an equal 
psjienditure of money you can produce something like an equal 
amount of protection with iron as with copper ; that is, with iron 
you can have a greater number of conductors, and perhaps a largei' 
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miiiihor of iron conduotora distributeil ovor the same siirfHcc ii 
be better in certain pasea than a smaller number of eopi^i" con.- 
ductoi-s. Where the effect of an explosion would be attended wit! 
great danger to life and damage to property, the question of c 
[lense should not be considered of primary importance. Sixth, 
regfti'ds the liability of iron to rust and decay, we purpose to UM 
galvanised iron, and if the galvanising in well done, it will last fo) 
a considerable time, I think the selection of the metal to be era-^ 
ployed must be left in the hands of the constructor, who shoulii 
take all circumstances into consideration. For example, 
chemical works, or where acid fumes are encountered, the moat 
durable metal would not only be most permanently efficient, but 
in the long run most economical. 

Tlie President: We have had a very interesting disc 
and I woidd in the first place bear testimony to the clear deserip* 
tion which Mr. Pidgeon has given of the effects of that sti'oke ol 
lightning ; jierfectly scientific and perfectly modest, it is a model' 
of what descriptions of natural phenomena should be. Aiiy n 
wlio has amused himself with a Leyden jar will be struck wiUi tlie 
difficultj- of retaining a small quantity of electricity in oi-dinary 
places. Yet when we come to use low tension in electricity wa 
find in our experience that, largo portions of the cai-tb's surface aro 
very bad conductors indeed, and nothing is more usual than to* 
meet with instances such as have been adduced, of cases in whicb 
with a very miuute quantity of electricity from ordinary batterie* 
you can trace the current at a distance of a mile or a mile and a-hal' 
from the point at which it enters the earth, showing what a bad 
conductor the eartli often is. With regard to the case mentioned 
to-night, in which a signal sent by the French cable was read oK' 
the instrument at Valentin, I may mention that there is gre*t 
difficulty to prevent a signal sent to St. PieiTe from being reftct 
by anyone else who carries a telegraph there. I have very 11 
doubt myself that the cause of the apparent contact mentiond 
by Mr. Spagnoletti was, that the signals were sent from Bre 
to St Pierre and thence to Heart's Content, and then came ba^ 
to Valentia. Now there have been some curious ca.ses inentiona 
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this evcm'iig. The snHpping of these links in a puzzlinj;; [ihciio- 
meiion, of which uo one has given ii satisfactory explanation. I 
Iiave none to offer myself. It is a curious fact, that when an elec- 
trical current passes through a bad conductor it has a diiTereiit 
effect to when it passes through a gnod conductor. If you sfiul a 
discharge through gunpowder from a Leyden jar it does not fire 
it but blows it away, but if you pass it tliroiigh a bad conductor, 
such aa a piece of wet string, that gives time to ignite the powder 
and it goes off. So in the case of this phenomenon which has been 
described to-night. Evidently the whole of that piece of gronnd 
is a bad conducting medium, and the time it took for the discharge 
to pass off produced the terrible effects of which we have heard. 
So, in the case of the tanks at East Ixmdon, there seems to have 
lieen the same thing. Colonel Stotherd describes it as a discharge 
caiTied up with disruptive effect, and so, when we meet with a bad 
conductor, we have all sorts of disruptive effects, but wiiere you 
kve a good conductor we have no such effects. 

With regard to the question of iron verma copper, no doubt the 
randncting power of copper is some five or six times greater than 
tliat of iron, and the price, roughly speaking, is in about the 
same proportion ; so that, price for price, you have the choice of 
materials, and it is for the electrical engineer to judge whether he 
snail use a pound's worth of copper or a pound's worth of galvanised 
iron. Tlie only objection to copper is its liability to be stolen, and 
I have known that to occur to a considerable extent. With iron 
^¥ have no such fear. 

^^b is nniversally accepted by all electricians that lightning 
HSductors should he carried well into the earth. I am not 
fli'sposed to gainsay that, but if the lightning conductor is con- 
tinuous through the whole length of the building you eannnt 
Nlielter the building without producing some disturbance at the 
hase of the conductor, for as long as the conductor is entire t!ie 
Ijuilding is preser\'od, though you make an imperfect connection at 
llie ba-se. It is probable that only a portion of the electricity will 
return through the other portion of the building if the conductor is 
in itself a good one. A bad lightning coiidnetor, however, is 
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iKator than none. I do not make these remarks with a view to 
rcooTH mending any sort of eondnctor ; on the contrary, I think we 
onght all to point out to those with whom we come in contact the 
very serious results which may ensue from the use of bad lightning 
conductors. Again, regarding large masses of metal, it is easy to 
imagine that the dismptive effect hetween large masses of metal 
and a good lightning conductor might bo very dangerous. Judging 
fpoin tlie surface of an ordinary mass of metal, such as bells, I am 
not of opinion that any serious shock would pass from u peal of 
bells iu a steeple through a lightning conductor ; and I do not con- 
sider it is so important in that case, as in some others, to make 
connection with all the mass of metal about a building. I think if 
you conduct from the exiwsccl projecting portion of the building, 
jtiiii make good connection with moist earth, it is sufficient. 

Now, in this ease in point there is something very interesting in 
the tearing up of the eartli, supposing the attempt of the shock to 
be to get to the iron roller and so pass off in tliat direction. I do 
not think sufficient use is made of the lead spouts and other leadaD 
connections about a building, and I am bf opinion that if lightning 
conductors were put up by electricians they might make more use 
of the leaden spouts and leaden roofs of the building. My own 
house has been more than once struck by lightning. I have only 
the ordinary arrangement of the lightning conductor in connection 
with the ordinaiy water spouts, the lead water ))ipes, and iron § 
pipes ; with large iron pipes I conceive there is no danger. 
house stands on a very elevated position, and, although it h 
eeived numerous shocks, no injury has resulted. On one o 
a shock of lightning fell at my house. It struck the lightning c 
ductor and a flag-staff about 35 yards distant, and it also strud 
water tower rather higher than the house in the opposite direction 
distant about 22 yards, which also had a lightning conductor, am* 
siating of a 15-inoh iron pipe with a spike on the top. It struck all 
these three objects at the same time. My wife saw the lightning run 
down in a zig-zag direction, and she had no idea the house had 
been struck ; but it went to a lofly beech tree, which stooil in mv 
grounds rather higher than the house, and, forcing itself dowu to tha 



miHip 



gi'oiind, a portion of it passod tliroiigli an ordinary fiHliiiig landing- 
net with a cane handle. It completely split the handle into 
ribbons and made several holes round the base of the tree. It 
passed down this wet cane handle in gnfticient quantity to inake 
ii targe liole in tlie ground, but it did seem to not injure tlie beech 
tree ; but since the occurrence a large portion of the bark has 
Ijeeled off. When I was in the Persian Gulf I witnessed some 
storms which were very interesting. We were in ordinary storms 
protected by the usual means employed at sea. I shoidd say, 
usually the lightning appeared to fall from the sky to the sea ; 
in some instances it appeared to rise up and out of tlie sea and 
pass upwards. Although these storms lasted for several minutes, 
it is curious that although tlie cable was being paid out, and the 
connection between it and the ship was made by a delicate 
Tliomson's galvanometer, we could not distinguish the shghte.st 
tremour of the galvanometer during any part of the storm. 
The meeting then adjourned. 
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ITTER IN CONTINUATION OF THE SUBJECT OF 
THE MEETING, 12i/i May, 1875. 

has occurred to me that I might, perhaps with advantage, 
Bttempt to make more clear the meaning of the few words I ad- 
dressed to our Society the other night in connection with the sub- 
ject of lightning conductors, especially a-s I found objection taken 
by one speaker to expressions used colloquially, expressions which 
I am aii-aid must, in the present state of electrical knowledge, be 
used from time to time, though they will always expose the user 
to cavil. 

I said I was going to advance what I feai'ed would be received 
as heretical doctrine, and my meaning was simply this. Whereas 
many preceding speakers had spoken in a sense which I under- 
stood to mean that the use of lightning conductors was to convey 
the lightning stroke or flash to the earth, there to lose itself, — and 
wJieroas they also soemod to think that if" any obstacle intervened 
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H to prevent this Rns\i which came out of the doiids from pasdiig by 
^1 a jierlect path to " earth," damage CL'sned fi^)m the interruption of 
^M the lightning's peaceful progress, — I wislied to suggest that tlie 
^B true view of the duties of a lightning conductor was rather that it 
^M enabled that portion of the aui-faco of the earth with wliich it was in 
^P connection to relievo itself of tlio tension induced upon it, aud that in 
^ fact, could an ideally perfect system of lightning conductors ha 
erected, a lightning flash would never he seen within tlie area 
protected. 

I am conscious that I failed to express myself so as to be under- 
stood except by a few. Subsequent conversation showed me, how- 
ever, tliat there were some^ who understood me in the sense in 
which I wished to be understood, which I 

The real office of a lightning conductor or protector is to relieve 
the tension or strain (electric) of that portion of the eartli's surface 
with which it is in contact, by providing a point through (or from) 
which the earth's tension (or jiotential) can he relieved by 

I charge in the direction of the inducing cloud. 
This I put in direct opposition to what I believe to be tlie current 
opinion which imagines the conductor in some way catching hold 
of tile lightning and conducting it safely to earth ; aud it is this 
opinion, more or less unconsciously held, I believe, which caused 
us to hoar so much of the return stroke. 

If a flash of lightning be an electrical discharge, it is surely 
effort of nature in the direction of equilibrium, out of which I its 
not see tliat fresh disturbance is to arise ; in short, I cannot beiiovo 
iu return strokes, bvit I can believe in picturing to myself and in 
many ways reproduce the following conditions of things, viz. : 

I^rFI Two conducting bodies, A and B, separated by a iion- 
^* conducting layer, or dielectric. 
^§ One of these conducting bodies, A, becoming charged, 

f^MI charges tlie opposing surface, B, by induction, and, speak- 
ing roughly, the charge is equal and opposite to the original charge. 
If now B he a perfect conductor, and I manage to place a perfecl 
pointed conductor C upon it, making good contact, G pointing ta 
the direction of A, e.g. stick a pin on the plate B, the eonditioM 
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become modified as follows ; viz. in tho first place the thiokness of 
the dielectric is reduced; in the second, by known efteci of points, 
the electric density of tlio system B C is greatest at the point C, 
and dissipation takes place first from tliat point towards a corre- 
sponding point C in A ; bnt more than this, as has been assei'ted 
by Sir W. Thomson, and as some of my experiments published in 
onr Journal go to prove (which are supported by others, not yet 
published, by Mr. W- H. Preece,) the resisting jmwer of dielectric 
substances fails them in proportion to the electric tension or 
pressure they are called upon to resist, therefore by establishing 
this point of pressure 0, we also, as it were, establish a line of 
weakness or even we may say a leak in our condenser along the 
line G C. 

Many of us, I dare say, worked with condensers that were not 
" tight," and they can appreciate my view of a lightning conductor 
^ich does its work. 

RBut of course if we put a leaky condenser near a tight one, it 
tes not follow that tho tight one shall be effected by the leaks in 
E> other, so it seems to me that the leak established by a properly 
Hiking lightning conductor cannot bo expected to extend over an 
liinite surface of the earth; and again, nature may not wait 
( admit of this silent discharge, which I picture to myself 
mid only take plaeo under the conditions of perfection witli 
^ich I started; those who do me the honour to read this will 

lily apply the limitatious, 
iWith regard to my attempted solutions of the niystery of the 
(ken links, it may not be altogetlier out of place for me to 
mark that the expression made use of in the course of the night, 
"mere disruptive discharge," cannot carry the weight which was 
sought to be laid upon it. 

Disniption or any other discharge must take place from a point 
or surface of pressure to one of less pressure or of comparative 
rolief. 

Any one accustomed to use an electric light or vacuum tubes 
iimst be well aware that somehow or other tlicre is an actual 
inechaiiical transport of matter from one pole to tho other ; nud 
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those who will tliiiik upon these things will not, I hope, be long in 
coming to the conclusion at which I amved, viz., that the links 
were broken by the jar caused by the explosion of the upper part of 
the mast 

The blow which affected Mr. Pidgeon and family I account for 
by their being made use of to relieve the tension of the earth at the 
critical moment, though whether it would have been greater or 
loss had they been better conductors I should not like to assert 

If my views are right, they point to connection with the earth 
being of the highest importance, so that electrical strain may be 
relieved. 

If good earth connections arc not made, the relief and protection 
afforded by a lightning conductor must evidently fall almost to in- 
significance. 

One result, which it appears to me might reasonabl}'^ follow from 
an intelligent comprehension of the nature and action of lightning 
conductors, is, that the hideous spike at the top of the Duke of 
York's Column might be so far cut down as no longer to be offen- 
sive — 'tis but a little matter, but offends the eye. 

C. W. MALCOLM, Major RE. 
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FALSE DISCHARGE. 
Bj G. E. Pbesoe. 

The following experiments were undertaken to verify some 
statements relative to the false discharge obtained from coiled core 
or cable. 

Experiment 1. — One mile of core, 107 lbs. copper and 150 lbs. 
gutta-percha, wound neatly round an iron bobbin, with iron core, 
and also iron flanges. The bobbin (ready for serving and worming 
machine) was placed with two others (precisely similar) in a circular 
iron tank nearly full of water ; the gutta-percha wire was entirely 
immersed — the upper flanges of the bobbin being above water for 
a few inches only. 

From the two ends of the coil two wires were led direct into 
the testing-room for facility of operations. The several tests were 
simply those of discharge, with the extreme end freey and with it 
to earth. 

From these connections, it will be seen that by pressing the key K 
down, the core or cable was charged for any stated period ; releas- 
ing the key it pressed upwards, discharging the core through 
galvanometer and shunt to earth. The galvanometer connections 
were so arranged that the discharge when the opposite end of core 
or cable was free was invariably to the left or to the side of 
the observer. 

Eicperiment 1. — 1 mile of core on iron bobbins. End free. Dis- 
charge with 10 cells = 4,120°. 

VOL. IV. IT 
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No discharge to L, but so great to R that 10,000 shunt would 
not bring it on scale. 
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1 cell on same core. End free. Discharge = 412°. 

End to E. No discharge to L, but discharge to R=85° x 10,000 
8=850,000°, or as 2,700 to 1. 

Kept a permanent current of 10 cells on core with end to E. 

Found bobbin highly magnetic, tried with common screwdriver, 
one flange attracting, the other repelling. 

Adjacent bobbin in tank also magnetic. 

Experiment 2. — One knot of precisely similar core, but, instead 
of being wound round an iron bobbin placed in a loose bundle or 
coil in water inside a square iron tank, immersed in water. 

One cell : 

Discharge end free . . . 333° to L. 









0°toL. 
2°R 
5°B. 
15° R 



end to E 
1 cell 
10 cells 
100 cells 

Experiment 3. — Working section of 7-wire cable, 9 knots. 

5*5 knots were sheathed. 
3*5 ,, served only. 
1 cell — Discharge end free = 3,400 L. 

„ „ end to E = 2,400 B, nil L. 
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Experiment 4. — Completed section of 7-wire cable, 52 knots : 
1 coil — Discharge end free = 21,000 L. ' 
„ „ end to E = 35,000 R, nil to L. 

In this, deflection varied considerably at times, due probably to 
testing going on elsewhere. No discharge whatever was observable 
in the left or proper direction, but invariably to right. A pecu- 
liarity showed itself with this experiment, in that the discharge 
(false) was at first sluggish, and suddenly, at about middle distance, 
received an impulse which carried it to the completion of throw. 

A difficulty was caused by the proximity of the wire to the 
instrument causing a deflection in the latter from its great sen- 
sitiveness. 

From the foregoing experiments it will be seen, that, when an 

insulated wire is made into a coil, the discharge obtained from it 

when its opposite end is to E is the reverse indication of that 

obtained from the same coil when its end is free. 

In each case "no discharge whatever is seen in the same direction. 

1. This false discharge appears least in a coil unsheathed placed 
within metallic or inductive joints. 

2. It appears greater when the same coil is placed within (for 
the whole of its length) a metallic sheathing, offering inductive or 
magnetic points without its entire length instead of \vithout its 
mass. 

3. It appears greatest when the coil is wound round an iron 
core. Under these circumstance^ the discharge is most powerful, 
and the iron core becomes magnetic. This form simply represents 
an electro-magnet, or the core and primary wire of an induction 
coiL; the powerful " false discharge " being the same as the '* extra 
cun*entf' of the primary circuit (Culley, p. 71, par. 145) heightened 
by the magnetic influence of the core. 

a. If an insulated wire be made into a coil, be stretched at 
length, or be sheathed and coiled, or, so sheathed, be 
stretched at length, the discharge obtained from it with its 
opposite end free is invariably in the same direction, and is 
also of the same amount ; the approach of the iron wires 
to the core apparently does not increase the inductive 
capacity of the coil 

u2 
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h. If tlio same coil be stretched at length, sheathed or un- 
sheathed, and its opposite end be put to earth, the discharge 
is also in the same as a, but naturally of very small amount 
c. If, again, the same insulated wire be made into a coil (1), 
be coiled round an iron bobbin or iron coil (3), be sheathed 
and coiled (2)^ and its opposite end be put to earth, then 
tlie discharge appears in the opposite direction, or the same 
direction as the charge. It is least in 1, greater in 2, and 
greatest in 3. 
The cause is to be seen in the induction of coil upon coil, pro- 
ducing in each case an ea:tra current. This is seen purelj in case 
1. This induction is heightened in case 2 by the magnetisation of 
the iron sheathing increasing the induced current. That it is not 
due to the extra inductive effect of the juxtaposition of the iron 
wires is proved by the fact that the inductive capacity of a coil is 
the same when sheathed as it is before sheathing. In case 3, again, 
the extra current is increased to its greatest extent by the whole 
of the coil acting directly upon the iron case, rendering it magnetic, 
and consequently which comes into play in inducing magneto- 
electric currents in the wire. 

It is therefore evident that " false discharge " is primarily the 
effect of the inductive action of one coil upon another, and also that 
it is heightened by magnetic effect, depending for the greatness of 
its effect upon whether the coil be within or without the iron to be 
magnetised. 

That this is so, the experiments of a coil surrounded with an iron 
mass, and a similar coil surrounding an iron mass, conclusively 
prove. 
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IN A NEW FORM OF DYNAMO-MASNETO ELECTRIC 
MAClnNE. 



By S. C, TisLiT. 



^^ In the first maeliinea constructed by Siemens and Whefltstone in 
1867 (see Boyal Society's Transactions) the power of augmenting 
the magnetism by successive currents developed from tlie original 
residual magnetism contained in the iron was fully demonstrated, 
and it was shown that the power of tlie machine could thereby be 
developed to a great extent, but the only means for obtaining 
external work was by the insertion in the circuit of a. magnot or 
coil, 90 that the secondary discharge could be utilised. Sir Charles 
Wheatiitone also showed that a great part of the current could be 
sliunted through a platinum wire, care being taken tliat the resist- 
ance of tlie platinum wire was sufficient to compel a large portion 
ui' the current to pass round the electro -magnet. 




In the saino year the writer designed a machine, which waa 
i;ido by Mr. Ladd, and described by him in a paper read before 
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tlic lioystl Society (see Traiisaclions), tlie prliiciiile uf wliiuli wasj 
tliat, two separate armatui-es being intrtidiicocl, one was employe^ 
i'ur magnetising the inacliiiie, the other being used for esteriiafl 
work. Tliis machine gave a good electric light, Ac, and waffl 
shown in the Exhibition of Paris, 1867, where a silver medal wa(J 
awarded for it. To Himphfy this machine the author of this papCT 
afterwards placed the two armatures in the same groove, between 
the poles of the electro -magnet, bolting the two together at rigM 
angles to each other, so that they came under the influence of thd 
magnetism alternately ; by this method one pair of bearings wftfl 
sufEcient instead of two, and the machine altogether was niudU 
simplified. 

The machine now about to be deacrihed is a still further modifi- 
cation, in which the greatest amount of simplicity and effective 
power are combined. 

The apparatus consists essentially of an electro- magnet, nilli 
slioes forming a groo\'e, in whicli a Siemens armature is made tu 
rei'olve. Tliia is much the same as the original machines made bj 
Siemens and Wheatstonc, but the difference occnra in the break 
or commutator, where thei-e are two springs or rubbers employed, 
taking the cm-renta off from the commutator. The commutator I 
consists of three rings — one of these rings is complete for tlueel 
quarters of the circle, the other quarter being cut away. AnothefJ 
ring is cut away three quarters, leaving the one quarter. Iiil 
between these two rings is a third ring, insulated and conuec 
with the insulated end of the wire wound round the armature ; oul 
this centre ring ai'e projecting pieces, one a quarter of a circle,.^ 
and the other three quarters, so arranged as to complete the tv 
outer circles. Tlie rubber spring which comes in contact with HbBW 
quarter of the middle circle is connected with the electro -raagcet ofT 
the machine, and the armature is so arranged that at the time o 
contact the beat magnetising current is developed: tlie other spring- 1 
rubber is in connection with the wire on the armature during tlwj 
other three quarters of its revolution, and this is coriliected witbT 
any externa! piece of apparatus required to be >vorked. By dii* 
arrangement, the alternate currents being utilised, they are all iifl 
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^^Be same direction, and by the length of contact the whole of tlio 
^^nrreiit is obtained in tho best conditiou for heating wires, decoiu- 
^^fcsi tig water, giving an electric light, and other usual expei'inients, 
^^ At present a model machine has been conatructed on this prin- 
ciple, the armature of which measures 5 iu. long by 2 in. external 
diameter, on which is wound about 50 ft, of cotton -covered copper 
^rire. No. 16 B. W. G. 

^^k The magnet has about 300 ft. of covered copper wiro, No. 14 
^^B. W. G. The whole instrument, witliout the driving gear, weighs 
^^6 lbs. With this_ apparatus 8 in. of platinum wire, '005, can be 
made red hot, water is rapidly decomposed, &c, &e. 

Tlie armature is constructed specially to prevent tlie accumula- 
tion of heat, to which every class of dynamo machine is liable. 

It is made in two halves, a groove of a zig-zag ahape being cast 
ill each half, so that when the two are screwed togetlier a continuous 
channel is maintained tlu'ough tlio bearings for a current of cold 
water to pass during the whole time the machine is at work. 

The advantages suggested by these an'angements are their 
exti'eme simplicity, the few number of parts, only one armature 
and one wiro being used. 

Tills principle of tho alternate currents being utilised is also 
upplicable to machines constructed on the multiple armature prin- 
ciple, and the economy thereby resulting would prove of great 
advantage, as the power of the machine could be varied by tlirow- 
irig into tho electro- magnet eitlier every other current or every 
fourth, sixth, or eighth current, accoi'ding to the strength required 
in the machine, tho whiile of the other currents being utilised for 
electric light or otherwise. 
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ABSTRACT OF REPORT FROM THE SUPERINTENDENT 
OF ELECTRIC TELEGRAPHS, QUEENSLAND, ON THE 
CONDITION OF HIS DEPARTMENT. 

Sir, — I have the honour to submit for your information the foUowiDg 
Report on the progress and condition of the Department under my 
supervision during the year 1874: — 

Extensions. 

The extensions completed since the date of my last Annual Report 
(13th June, 1874,) are as follows: — 

1. A line from Roma vid Mitchell Downs to Charleville, 169 J miles 
in length, was completed and opened for business on the 5th of October 
last year. The timber used in construction consists of cypress pine, with 
a few ironbark and gum poles of good quality, and it cost, exclusive of 
station-buildings, £7,118 35. 2cl., or £42 per mile. 

2. x\ line from Ravenswood to Millchester, 41 J miles in length, was 
ijompleted on the 28th of November last year. This line is built of iron- 
bark, and cost, including the station-building at Millchester, £2,849 25. 2rf., 
or £68 135. per mile. 

3. A branch line from Roma via Surat to St. George, 125 miles in 
length, was completed and brought into operation on the 2nd of December 
last. It is built of cy})ress-pine, ironbark, and gum, and cost, exclusive 
of station buildings, £5,349 O.s'. Sd., or £42 IGs. per mile. 

4. A line from Millchester to Charters Towers, 2 J miles in length, was 
completed on the 29tli of December last. This line is built of ironbark, 
and cost, including the station-building at Charters Towers, £406 5s. 

5. A line within the railway fences, from Brisbane to a point 2-^ miles 
beyond Ipswich, 27 miles in length, was completed and placed in circuit 
on the 18th of January in the present year. This line is built entirely 
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of bloodwood and ironbark. It consists of six wires, five for tho business 
of this department, and one for railway purposes. The entire section cost 
£2,566 8s,, or £95 Is, per mile. 

6. A branch line from Bundaberg to Burnett Heads, ll^ miles in 
length, constructed for the conyenience of shipping, was completed on tho 
26th of January last. This line is built of box and blue gum. It is 
worked by Siemens' alphabetical instruments, and cost, exclusive of 
station-building, £644 3s. 9<?., or £57 3s. 3d. per mile. 

7. A branch line from Wateryiew to the Lower Herbert, 2df miles in 
length, was completed on the 26th of January last. The wire for this 
line is stretched a distance of 16^ miles ou the Cardwell poles to Stone 
Creek, thence 9 J miles of new line haye been constructed to the township. 
It is built mostly of bloodwood and ironbark, and cost, exclusiye of 
station building, £423 17s. Sd, 

8. A branch line from the Pilot Station on Curtis Island to the 
Quarantine Station at Sea Hill, 5| miles in length, was completed on 
the 6th of February last. The wire for this line is stretched 2 miles on 
the Rockhampton poles, thence 3f miles of new line haye been erected to 
the Quarantine Station. It is well built of the best hard wood obtainable 
in the locality, and cost, exclusive of station building, £194 5s. 

9. A line from the Pilot Station on Curtis Island to Cape Capricorn, 
26 miles in length, constructed for the conyenience of shipping, was 
completed on the 10th of March this year ; the wire is stretched for a 
distance of 5 miles on the Rockhampton poles, thence 21 miles of new 
line haye been erected to the Cape. The timber used in construction 
consists of bloodwood, ironbark, box, and blue gum, and the section 
cost, exclusiye of station building, £640 4s. 10c?. 

10. A second wire, 493 miles in length, has also been erected on the 
existing poles between Rockhampton and the Burdekin. When closely 
examined, extensive repairs and alterations were found necessary on this 
line, in order to make it suflSciently strong to carry the wire with safety. 
These repairs and alterations were thoroughly carried out by Govern- 
ment working parties, and the wire was sti etched by contract. 

It will be observed that the average cost of constructing these lines 
is somewhat greater than in former years ; this is in some measure 
owing to the enhanced price of material, scarcity of suitable labour, 
clearness of provisions, and, I believe, in no small degree to the prosperous 
state of the colony. 
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Since the loth of *)unc, 1874, 25 stations were opened for buBiness. 

At the end of 1874 there were 3,010 miles of line, 4,891 miles of wire, 
iind 88 stations in ([My operation in this colony; and 201 officers, of 
varions grades, regularly employed by the department. 

We have now 3,678 miles of line, 4,975 miles of wire, 97 stations, and 
210 officei-s on the permanent staff, together with 38 overseers, and inen 
temporarily employed on construction and maintenance daty. 

Meteoroloqioal and Shipping Eeports. 

Meteorological observations were taken at 9 a.h. and 3 p.m. daily 
throughout the year by officers in charge at Gape Moreton, Toowoomba, 
and Warwick, and the rainfall was duly registered at all stations everj' 
moniing. The results, together with wind and weather reports, were 
transmitted to the principal offices and other stations requiring the 
information, free of charge. Free messages reporting the arrival aud 
departure of shipping are still forwarded from the several coast stations, 
and to Sydney, Melbourne, and Adelaide, as regularly as the exigencies 
of the service will permit. 

As this business is rapidly increasing, I would again draw attention 
to the inconvenience it causes, by taking up time on the busy lines that 
should properly be devoted to legitimate traffic. Shipowners and agents 
ai)pear to be the principal people benefited by free shipping telegrams, 
whilst other members of the community, the majority in fact, take httle 
or no interest in their transmission. 

Under these circumstances I can but recommend that shipping 
telegrams should in future be placed on tlu; same footing as ordinary 
business, and charged for at current rates. This system is generally 
adopted iu Europe and America with perfect success. I believe that a 
similar arrangement would work well on the lines of this colony, and at 
the same time materially increase our slender revenue. 

Working of Lines. 

The several lines in Queensland have worked well during the year, the 
insulation continued satisfactory, and few interruptions occurred. How- 
ever, communication north of Rockhampton was suspended for some 
days in February and March this year, during the prevalence of a cyclone. 
The line was seriously injured at Alligator Creek, near Yaamba, where 
the water rose sixty feet above its ordinary level, and submerged the 
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ivircK, Every effgrt »yos made to restore cuiiminuieatioH, wliicli iviis iit 
luiigtli accomplished bj carrying wircB fromtree to tree well above liigli- 
liuod mark. In several places soutb of Rocklianipton the lines were also 
iujured by the same cyclone ; the defects were, however, speedily re- 
paired, and very little inconvenience was experienced by the interruptions, 
as otlier lines were available fur the soiitJieni traffic. At the same time 
a break occnrreil at the Gilbert River crossing, which could not be repaired 
nutil the flood snbsided. 

From accidents, owing to various cansea, the New South Wales lines 
between Sydney and Tenterfield have given more than nsnaJ trouble 
during the past summer, and Queensland business was at times delayed. 
However, inconrenience of this nature will hardly occur again, as I am 
informed that four wires are now available between Sydney and Mnrru- 
rundi, three to Bendemere, and an additional tine round by Bnndana and 
Invurell to Glen Innes. 

Whcatstone's automatic instruments, ari'angcd for the duplex, principle, 
liave lately been introduced by the Now South Wales department for 
tjie purpose 'of increasing the capacity of their intercolonial lines. By 
this method telegrams are transmitted by simply passing a band of per- 
fnrated paper through the instrument, several clerks being reiiuirod at 
each station to prepare and transcribe the messages. 

The system is well spoken of in England, aud, if economical to work, 
might be introduced by us with advantage. 

An interruption occurred on the Keppel Bay line in August lust, 
which continued for several days j the defect was caused by a boat's 
anchor injuring the cable between Curtis Island and the mainland. 
Steps were at once taken to make the necessary repairs, and communi- 
cation was restored with the least possible delay. 

The submarine lines in Moreton and Hervey's Bays have worked well 
thronghout the yeai', and the insulation of all the cables continues 
perfect. 

A portion of the line between the Gilbert and Kiimeslcigh rivers will 
wliortly require considerable repairs ; us white ants ai'e numerous in this 
district, and timber is scaree, it will be cheaper in the end to import suffi- 
cient iron poles for the whole section, and erect them when necessary. 

The nmnber of paid and service messages transmitted dnring the pa^^t 
and previous years, together with the respective increase, is sbu^^n in tliu 
following table : — 
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1873. 

124,464 

31,804 

340 


1874. 


Increase. 


Paid messages .... 
Service messages 
International messages 


225,975 

85,044 

395 


101,511 

53,240 

55 


Total . 


156,608 


311,414 


154,806 



These lignres disclose an increase of 101,566 in the paid message 
and 53,240 in those forwarded on Her Majesty's seiTice, being a tot 
increase of 154,806, or nearly double the number transmitted in 1873. 

The Table contains a statement of amounts expended on constructic 
account to 31st December, 1874. The total sum expended on telegrap 
works in this colony amounts to £223,239 Os. 9d, 

It is gratifying to observe that the lines of Queensland, although s 
recently established, will bear favourable comparison, both in extent m 
efficiency, with the telegraph systems of many older and more deusel] 
populated countries. 

International Communication. 

The International Lines in connection with Australia have worked wel 
during the year. The only important interruptions occurred un tin 
Singapore-Madras and Singapore-Batavia sections, which were repairs 
in the course of a few days. 

T\\{) Adelaide and Port Darwin overland line has also worked well 
It has been seldom interrupted, and in every instance communication wa 
promptly restored. 

It is unsatisfactory to remark that the International business ileal 
with by Queensland stations is still inconsiderable ; only 395 message 
were transmitted and received during 1 S74, being an increase of 55 on tli 
previous year. This may be accounted for by the high tariff still in iora 
no reduction having been made in the rates since the line was oi)ene(l. 

In October last year a meeting of representatives of Queensland, Xci 
South Wales, and Y^ow Zealand, took jilace in Sydney, for the purjfns 
of making the necf\^sary preliminary arrangements for constructing tli 
pr(»posed Queensland-Singapore and New South Wales-New Zealan 
cables, provided for by the resi)ective Governments in 1873-4. 

The meeting dehnitely decided that inmiediatp. action should be takei 
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and special agents were appointed under the great seals of the three 
colonies, giring them anthority to enter into a contract in England for 
constnicting, maintaining, and working the cables. 

Mr. Daintree, the Agent-General, was appointed to act for Queensland, 
Sir Daniel Cooper, Bart., for New South Wales, and Mr. Vogel to repre- 
sent New Zealand. 

By last advices from London negotiations were in progress. 

During 1874 considerable adyancement has been made in telegraph 

extensions throughout the world. Many important cables were Huccess- 

folly laid, the total mileage hanng by far exceeded that of any previous 

year. 

I haye, &c., 

W. J. CRAOKNELL, 

Superintendent of Electric Tehffraphe, 
The Honourable the Postmaster-Greneral. 

APPENDICES. 
Electric TBLSGRi^PH Department. 

Return of miles of line, miles of wire, number of stations, number of 
officers, number of messages transmitted, and receipts and expenditure 
in each month during the year 1874: — 

Number of miles of line, 3, 61 6 J. 

Number of miles of wire, 4,891^. 

Number of stations, 90. 

Number of officers, not including construction or maintenance parties, 
201. 
Receipts : — 

Number of paid messages, 225,975. 

Amount of paid messages, £21,276 19^. 

Number of messages O.H.M.S. 85,044. 

Value of messages O.H.M.S. £7,089 19«. lOd. 

Number of international messages, 895. 

Proportion of international messages due to Queensland, £119 7«. 6t/. 

Total number of messages, 311,414. 

Total amount, £28,436 6s. 4d. 
L :penditure:— 

Refundments to other Colonies, being proportion due to them for 
i tercolonial business, £2,033 Is. 4d, 

Total expenditure, £37,101 185. 5c/. 
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SEA TELEGHAPHY, IN SPECIAL DELATION TO THE 
LOSa OF THE VANGUARD. 

A Paper read by Mr. W. H. Baii.ey before the Manchester Scientific 
and Meclinnical Society, Fridnj' Evening, 1st October, 1875. 

To eomnmnicnte bj signal is a practice of coneiderable antiqnitj ; but 
llie time at our disposnl will only permit of a very brief reference to Konic 
f'l' tlie enrly means by wbich people separated by distanee have been 
(ible to commanicat* with one another. The prophet Jeremiah exhorts 
tlie children of Bcnjaniin to sot up a sign of tire ; and in profane history 
wc have tires, beacons, and torches often alluded to, Agamemnon 
cmnmuniuated witli his queen by means of beacon fires on tlie mountain 
tops. Again, a very ingeiiions telegraph is desevibed by ^neas, who 
lived in the time of Aristotle. It consisted of two tubs, marked ineidc 
to indicate the depth of the water, and furnished with small taps. The 
tubs were tilled with water and placed on distant hills in charge of men 
n ith torches. Upon the elevntiou of a torch twice both taps were started 
simultaneously, and the water of course ran away. But tlie moment a 
torch was elevated by the sender of the message the taps were stopjiod. 
TiiiB system must have been adopted from the Clepsydra, or water-clock, 
which indicated the time of day by the height of water in a similar way. 
The ancient inhabitants of America would seem to have had communica- 
lioiifi of a similar nature. The use of torches and beacon fires by night 
would naturally lead to the use of the semaphore by day — including 
nnder this designation flags or wooden erections with wing pieces or 
circular plates, such as are in general use to-day on railways. The 
mphore was brought into celebrity iu Prnnoe by thi'ee brothers named 
ippp, who by means of wing pieces attached to the ends of a bar of 
e able t<j make a great immber of combinations. The system 
liecame well known, and additions were made to it by subseqneiit 
inventors. Lord George Murray proposed his shutter telegraph iu 
171)5. In the meantime, however, the navy hail made but little advance, 
and ships could only speak eacli other by a clumsy system of flags by day 
and coloured lanterns by night. Rear-Admiral Sir Home Popham, iu 
1801, introduced several modifications in semaphores for land and seu, 
and also a system of spelling by means of Hugs. His ideas were adopted, 
suni the celrbrnted words of Lord Nelson, " England expects that every 
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man this day will do his duty," were the first transmitted to the fleet by 
the new system, which was then on its trial as an experiment. Probably 
tiic greatest advance made in signalling at sea, however, has been the 
result of the joint labours of Captain Colomb and Major Bolton. These 
gentlemen have introduced a system of telegraphing at night by means 
of flash lights, using oil lanterns for short, and magnesium and othci 
lights for great, distances. The inventions of these gentlemen have l^een 
so good that they have been adopted by the British and Foreign govern- 
ments for communicating between vessels at night. They were used also 
on land in the Abyssinian Expedition. Captain Colomb and Major 
Bolton in their flash-light system have incorporated the idea of short and 
long lights ; but it will be obvious that the invention, excellent as it is, 
will not meet all the conditions under which signalling is necessary, for 
the very best system of telegraphing at sea by signs may be rendered 
absolutely useless by a dense fog or smoke. 

Hence it will be seen that telegraphs may broadly be divided into 
those which speak by sound and those which speak by sight. In the first 
we may include guns, trumpets, drums, gongs, and steam whistles, and 
in the latter flags, torches, lanterns, fires, semaphores, needles, and other 
instruments of a like character. We are chiefly concerned, however, 
with telegraphing by sound, of which I will now proceed to speak. 

The experiments made by Dr. Tyndall in May 1873 demonstrated the 
possibility of hearing a sound of a definite volume at distances varying 
from 3-^ to 12| miles, according to the atmospheric conditions ; but that 
on one occasion, when the wind was against the sound, it could be heard 
at a distance of 9J miles. 

The instrument which I propose to use is a large steam whistle, so 
designed that a pianoforte touch will give a large opening to the steam- 
way, and enable a percussive short or long sound to be emitted. It will 
be observed that the centre spindle has upon it two equilibrium valves, 
which are so balanced as to be affected by the lever with the greatest 
ease, even though there may be a pressure of eighty or a hundred pounds 
to the square inch on the valve faces. This arrangement makes it pos- 
sible for large whistles to be worked whose supply pipes may be three, 
four, five, or six inches in diameter. The bell of the whistle is adjustable 
in order that high or low pressure steam may be used, and the best 
results be thus obtained from the steam that the boiler may carry when 
it is at work. This steam whistle I propose to elevate about ten or 



■IHl 



MPANY. 309 

twelve fuel above the liead uf tlie o[ierator, wlio by means of a cliahi 
attached to the lever, and a handle, can work it and semi messages Isv 
means of the dot and dash system, using either the Moise or any other 
code or alphabet. I prefer the Morse coda for what appear to me suffi- 
ciently weighty reasons. 

But, although I hare so far called special attention to the utility of my 
system in foggy weather, it must have been apparent that it would be 
q^uite as useful luider more favourable conditions. By this means, indeed, 
news could be comaiunicated from one vessel to another as fast as a man 
could write, and with much greater facility than under the condition of 
things now pievaiiing. A vessel coming from a distant quarter of the 
globe meeting another, and having important intelligence to communi- 
cate, may do so by simply diminishing her speed, and no time need be 
wasted while boats are being sest with letters. What a great boon this 
would be to the newspaper press in genera! may be readily understood 
when it is borne in mind that the most that it is possible to obtain from 
oatward-bound vessels are a few brief items of intelligence very hurriedly 
composed, whereas by this system all need for hurry is abrogated. As 
»)on as the vessols got within hearing distance the communication could 
be commenced, and in the course of an hour very nearly a column of latest 
news could be transmitted — that is to say, supposing twenty words were 
sent per minute, 1,200 words would be sent in the hour, and that number 
is not far short of what appears in the Manchester papers morning by 
morning in the latest news columns. 



EXTRACT FROM THE ANNUAL REPORT OF THE HONOUR- 
ABLE WM. ORTON, PRESIDENT OF THE WESTERN 
UNION TELEGRAPH COMPANY. 

To the Stockholders of the Western Union Telegraph Company. 

The following Report of the operations of the Company for the fiscal 
year ended June 30, 1875, is submitted pursuant to the requirements of 
the bye-laws. 

The gross receipts for the year from all sources, except proceeds of 
bonds, were 89,564,574.60; the gross expenses were «6,335,'1I4.77 ; 
the difference, 83,229,159.83, being net profit. All sums paid as rental 
fir leased lines are included in the gross expenses. 

VOL. IV. X 
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Compared ivitli the preceding fiscal year, there was an increase in the 
groBs receipts of $301,920.62; a decrease in the expenses of $420,819.06; 
Hiid an increase in the net profit of $722,239.68. 

There were in operation at the end of the year 72,838 miles of line, 
179,294 miles of wire, and 6,565 offices. • 

The number of messages transmitted during the year was 17,158,710, 
being an increase of 824,454 over the preceding year. 

In my last Annual Report reference was made to the possible necessitj 
of putting down a new cable between Key West and Panta Rasa. Thtt 
necessity became so pressing that in March last, at the request of the 
Directors of the International Ocean Telegraph Company, I proceeded to 
London, mainly for the purpose of contracting for the construction and 
shipment of a new cable for that line, superior in quality to any that had 
been previously provided. 

A satisfactory contract for the manufacture of the cable was made with tiie 
India-rubber, Gutta-percha, and Telegraph Works Company of Silvertown, 
according to specifications prepared by Sir Samuel Canning, under whose 
supervision the work was carried on, and in June last the completed cable 
was put on board the International Ocean Telegraph Company's steamer 
*' Professor Morse,^* which had been ordered to London for the purpose 
of receiving it. The steamer sailed direct for Key West, but during her 
voyage the yellow fever broke out at that and other Gulf ports, and, be- 
lieving it unsafe to permit the vessel to go to Key West at that time, she 
was met on her arrival at the outer bar by an agent of the Company, with 
instnictions to proceed to Poi*t Royal, where she remained until a few 
days ago. 

The Pnuta Rasa cable, which had been interrupted several times during 
the summer, involving a considerable loss of revenue and extra expenses 
for temporary repairs, gave out entirely a few weeks ago, since when com- 
munication has been maintained by steamer. While this is being written, 
information has been received that the " Morse " has successfully laid the 
new cable, which is working perfectly, and that telegraphic communica- 
tion with Key West and Havana has been restored. 

A fault has been discovored in the cable of 1869, between Key West 
and Havana, and, although the use of this cable is not required for the 
present volume of traffic, the new and better cable of 1873 being capable 
of passing double the present number of messages, the ** Morse" will pro- 
reed at once to discover and rci)air the fault. When this has been done, 
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the other cable between Key West and Punta Rasa will be repaired, and, 
when this is done, the Company will then have two lines of cable from 
Panta Rasa to Havana. 

Although the development of telegraphic business with Cuba has been 
greatly retarded by the condition of affairs on that island, the extension 
of the West India and Panama Company's cable system to a connection 
with the cables to Brazil, and the recent establishment of cables along 
the coast of Chili and Peru, is bringing a handsome increase of traffic to 
the International Ocean Telegraph Company's lines, and the prospects 
for the future are most encouraging. 

General Review. 

The growth of the Company's property and business during the nine 
years which have passed since the consolidation with the other principal 
telegraph lines is shown by the following statistics : — 

From 1867 to 1875 the extent of line has increased from 46,270 to 
72,833 miles, and the wires from 85,290 to 179,294 miles, being an in- 
crease of 57 per cent, of line and 110 per cent, of wire. The number of 
offices and stations has increased from 2,565 to H,565 — equal to 156 per 
cent. During the same time the number of messages transmitted has 
increased 192 per cent., the rate of tolls has decreased 51 per cent., and 
the gross receipts have increased 46 per cent. The average cost per 
message, during the same time, has been reduced from 67 to 37 cents, or 
about 45 per cent. The increase of 192 per cent, in the number of mes- 
sages transmitted annually, while the mileage of wire has increased but 
110 per cent , is explained by the fact that the number of messages trans- 
mitted per mile of wire has been increased 41 per cent. 

The ability to make so large an increase in the carrying capacity of the 
wires is due in part to improvement in their conductivity and insulation, 
and in part to the introduction of the duplex and quadruplex apparatus, 
by means of which one wire is made to do the ordinary work of two, three, 
or four wires. By means of this apparatus, during the past year the 
Company has had the use of more than 30,000 miles of what may be 
called " phantom wire," which has cost nothing to provide, repair, and 
maintain, except the cost of the new apparatus, whii^h is but little more 
expensive than that in general use, and is adapted to all the ordinary 
reqnirements. 

x2 
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The Atlantic Cables. 

During the year covered bj tlus Report, the Direct United States 
Cable Company has continued its efforts to establish telegraphic commu- 
nication by an independent line between (ireat Britain and the United 
8t ates, and althoughthcse efforts were not successful until after the close 
of the fiscal year, the completion of the new line had been accomplished 
before the preparation of this Report commenced. 

In May last the Anglo-American Telegraph Company, owning three 
cables between Valencia, Ireland, and Sidney, Nova Scotia, vid Newfound- 
land, and one between Falmouth, England, vid Brest, France, and the 
Island of St. Pierre and Duxbuiy, Mass., reduced the rate for transatlantic 
messages from four shillings to two shillings sterling per word. When 
the Direct United States Company's cable was opened for business in 
September last, the rate was fixed by both Companies at one shilling 
(twenty -five cents coin) per word. 

During the period of about four months, while the two-shilling rate 
was in force, the number of cable messages increased about thirty-five 
per cent, over the number transmitted during the corresponding period 
of the preceding year. The shilling rate had been in operation less than 
a month when the new cable failed; thereupon the Anglo-American 
Company restored the four- shilling rate in force prior to the reduction 
which it had made in May last. 

Although, by the terms of a contract entered into five years ago, the 
cables of the Anglo-American Company connect exclusively with the 
lines of the Western Union Company, the latter has no voice in deciding 
what the rales for translantic messages shall be. This Company receires 
a portion of the tolls on cable messages between New York and European 
stations, which tolls are fixed by the Anglo American Company. 

As the Western Union Company has been severely censured on account 
of the advance in cable rates, justice seems to require this statement of 
the facts. This Company has no more power to fix the rate for a cable 
message to Europe than we have to fix the rate for passage by steamer 
acrops the Atlantic. It is proper to add, however, that, on receipt of 
notice of the intention to advance the rate from one shilling to four 
shillings per word, an earnest request was sent to the manager of the 
Anglo Company in London to have their action reconsidered, and the 
rate fixed at two shillings a word. Our request was declined on the 
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ground that the revenue at the reduced rates had proved eutirelj inade- 
quate to insure the permanent maintenance of the cables and the expense 
of operating them, and afford the projirietors nny return npon their 
inyestment. 

tIsiPRovHD Apparatus. 
has been known for years all over the world that signals conid be 
imitted through a wire much more rapidly by machinery than by 
hand, but the attempt to utilize this fact by the substitution of machinery 
in the transmission of messages for the key in the hand of the operator 
has never been successful, for the reason that the process is not economi- 
cal either in respect to time or labour. A single messape can be trans 
mitted and copied in less time by the hand (Morse) process than by any 
other (except by the printing telegraph, which, for well understood 
reasons, is not adapted to general use). What the public requires ia 
that each message shail have immediate despatch, and they have no other 
interest in knowing that, by waiting a while, the mere act of transmitting 
the signals which represent their messages can be performed by a beautiful 
process at an extraordinary rate of speed, except to know what to avoid. 

Tbe transmission and copying of a messnge at the other end of the 
circuit by the hand (Morse) process are aimultatLeous acts, both of which 
can be accomplished in as short time as a message can he prepared for 
transmission by the so-called automatic process, and both of which can be 
performed in less time than a message can be translated after it has been 
transmitted by the automatic process. So that, when the admirers of 
this mode have proved conclusively that the act of transmission by their 
process takes no time at all, they prove too much, because even then the 
time during which a message must inevitably remain in their hands is 
twice as long as is necessary with the other process. We have, therefore, 
declined to introduce pi-ocesses, whatever their advantages otherwise might 
be, the substitution of which for those we now use would inevitably 
increase the time required for the delivery of a message at its destination. 
The duplex and quadruples apparatus, of which previous mention has 
been made herein, are fully realizing the expectations formed a year ago 
and set forth in my last annual report. 

As the assertion has been frequently published that tliis Company does 
not control the patents for the quadrtiplex apparatus, it is proper to state 
here that the process known by that name was developed by Thomas A. 
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Edison, assisted by George B. Prescotty the electrician of the Gompanj, 
while Edison was fulfilling an agreement made with me to perfect im- 
provements upon the Steam's duplex apparatns owned bj this Company; 
and that subsequently a written contract for the sale of the quadruple! 
patents to this Company was executed by both inventors, and the sum of 
ten thousand dollars paid thereon. 

It is true that, in face of these facts, one of the parties deliberately 
undertook to deprive the Company of that which he had sold to it, by 
giving subsequently a pretended title to another party ; but the right of 
this Company to own and control exclusively that which it has purchased 
in good faith and partly paid for, will not, we think, be seriously disputed 
to the extent of a legal trial. 

On account of the conflicting claims which have been set up, no patents 
covering the quadruplex apparatus have yet been issued in this country; 
but it is believed that such issue must take place during the coming 
season, and the control by this Company of the quadruplex method be 
thereby made complete. Careful attention is constantly being given to 
the subject of improvement in telegraphic modes and apparatus, and 
neither pains nor expense will be spared to secure for the Company tbe 
use of whatever will tend to promote the efficiency of the service. 

(Signed) Wm. Orton, President. 



NEW ZEALAND TELEGRAPH DEPARTMENT. 

Extracts from a Report of Mr. William H. Reynolds, Acting Com- 
missioner of Telegraphs, dated Wellington, 20 July, 1875. 

The revenue for the year 1874-75 was estimated at £55,000, but it 
has exceeded that amount by over £800. 

To enable masters of vessels to ascertain the state of the weather pre- 
vailing at any port to which they might be bound, or at any intermediate 
port, the system of sixpenny telegrams, including reply, was introduced. 
The facilities thus afforded, when generally known, will doubtless be taken 
great advantage of by maritime men. 

During the past year 456 miles of new lines, carrying a single wire, 
have been erected, and 988 miles of wire have been added to the original 
lines, making a total addition of 1,444 miles of wire. 



There are now opened to the puhhc throughout the coIodj 127 etatioiiB, 
21 of which have been opened (.luring' the puat year, 6 being in the South 
Islnnd, and 15 ui the North Island. 

The length of line maintained during the post year was 2,955 miles, 
the average cost for maintebaiice being £4. 16s. id. per mile. 

At the cltwe of the year 2,986 miles of line, carrying 6,026 miles uf 
wire, were in circuit, showing an increased mileage upon the prcrious year, 
in line 156, and wire 1,444. 

The uominal strength of the department, including linemen and in- 
sjiectors, on the 30th June, 1875, was 509 against 388 of the previous year. 

The duplex system of telegraphy, meutioued in the last Annual Report, 
has been in successful operation on the No. 3 wire in the Cook Strait 
cable since the 18th of June, 1874, and the advantage of speedy commu- 
nication consequent thereupon has been very obvious. Instruments are 
now ready, and the system will he immediately introduced on tlie No. 3 
wire north to Napier, and on the No. 3 wire between Blunheim and 
Christchurch. With the additional wires erected, and mentioned in another 
part of this Eeport, between Napier and Wellington, it is anticipated 
that this will greatly facilitate the transmission of the increasing work 
now offering. 

It is proposed to introduce shortly the automatic system on some of 
the longer cucuits, iuBtmments for this purpose having just arrived from 
England. In the transmission of long press messages, which may pos- 
sibly require to be sent "in various directions, the saving of labour cannot 
be over-estimated. 

Cook Stbait Cable. 

As will be seen from the insulation tests in Table H, this portion of 
the telegraph system in New Zealand still maintains its good working 
order. It has become a matter for consideration whether an alternate 
cable (.hould not be laid, so as to avoid total suspension of telegraphic 
communication in the event of a breakage occurring to the present one — 
a contingency which, although remote, is nevertheless possible. It must 
be obvious that should such a contingeucy arise, and no alternative cable 
to fall back upon be at hand, very great loss and inconvenience to the 
public will ensue. The following memorandum by Mr. C. Lemon, the 
general manager of this department, upon this subject, points out the 
necessity for some action being taken in the direction indicated : — 

" The present Cook Strait Cable has now been submerged close upon 
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eight years, and at the date of the last test for insalation (24th March, 
1875) gave as good results as when first laid. This state of insolation 
may continue, so far as comparing previous tests taken monthly during 
the last six years is a guide ; but the cable is liable to interruption from 
cither of the two following causes : first, from a ship on a lee shore, off 
Cape Terawiti, or in that vicinity, endeavouring to save herself by letting 
go her anchors, and possibly fouling the cable with the same ; second, 
by an earthquake causing a fissure in the bed of the ocean in a line at 
right angles to the lay of the cable, and thus causing it to part. 

** Both these accidents have happened to cables ; and, although the 
chances of the Cook Strait Cable receiving injury from either of the 
above sources is very remote, still they are accidents within the bounds 
of possibility. 

** It is for the Commissioner to consider, in the event of interruption 
from either of the above sources, whether it would not be prudent to 
have a second cable laid (containing either one or three wires), as soon 
as it could be obtained from England, so that telegraphic communication, 
pending the repair, would not be entirely suspended, which it doubtless 
would be were an accident to happen to the present cable without an 
alternate one to fall back upon. I estimate the cost of a one-wire cable 
laid at £10,000. 

" From a conversation I have had with Captain Fairchild, I was led 
by him to understand that there are other approaches on either side of 
Cook Strait equally as good for cable-landing purposes as the present. 

" The present cable, owing to the introduction of duplex telegraphy, 
is capable of perfonning all the work which may be required of it for 
some time to come; but in the event of an interruption and pending 
repairs, and without a second cable to fall back upon, the pecuniary loss 
to the department would be great, whilst the public would be much in- 
convenienced by the total suspension of telegraphic communication with 
the other island. 

" It is possible that, in the event of an interruption, the picking up 
of the two ends of the cable, and its repair, might occupy the best part 
of a month, should the weather prove unpropitious. 

" The picking-up gear and steam-engine are always kept in readiness 
for such a contingency, and are under the charge of Mr. Nancarrow. — 
C. Lbmon, General Manager." 

(Signed) W. H. Reyiholdb, Acting Com77ii8sioner of Telegraphs. 
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TABLE H. 

Insulation Tests of the Cook Strait Cable for the Years ended 30th June, 
1868, 1869, 1870, 1871, 1872, 1873, 1874, and 1876 respectiyely, showing the 
Resistance per Knot afterTwo Minutes* Electrification in Millions of OIiids 
(British Association Units of Resistance). 



Date. 



1867— 

September 1 . 

September 30 . 

October 14.... 

November 1 . 

NoYcmbcr 14 . 

December 2 . 
1868— 

June 7* 

September 11... 

September 17... 
1869— 

March 27 

April 19 

May 11 

May 17 

June 22 

July 27 

August 24 

September 27... 

Octoberf 

November 8 ... 

December 3 ... 
1870- 

January 22 

Febmary 22 ... 

March 18 

March 20 

April 26 

May 31 

June 26 

July 16 

August 16 

September 17... 

October 20 

November 21 ... 

December 21 ... 
1871— 

January 21 

February 21 ... 

March 23 

April 24 

May 23 

June 24 

Julyt 

August 25 

September 25... 

Octoberf 

November 23 ... 



No. 1 
Wire. 



473 
634 
547 
598 
574 
608 

930 
630 
697 

467 
483 
562 
531 
522 
649 
667 
764 

• • • 

582 
638 

526 
417 
442 
344 
430 
456 
355 
517 
473 
508 
471 
505 
480 

574 
565 
497 
508 
489 
717 

• • • 

761 
517 

• • ■ 

641 



No. S 
Wire. 



71 

102 

179 

32-6 

10-6 

10-6 

6-6 
22-5 
63-5 

26 
30 
31 
14 
15 
9 
7 
13 

• • • 

5 
2-5 

2 

3 

3-4 

306 
8-6 

•446 
2-3 

•393 
1-7 
8-7 
5-5 

10-2 

7.7 

6-7 
20 
2-39 
1-85 
208 
1^28 

■ • • 

1-36 
131 

• • • 

2-65 



No. 8 
Wire. 



554 
634 
620 
667 
643 
709 

1,094 

946 

1,000 

729 

748 

960 

963 

931 

1,104 

1,200 

1,275 

1,253 
1,159 

865 

707 

967 

619 

812 

871 

622 

893 

763 

1,108 

1,069 

1,149 

1,121 

1,312 
1,173 
1,166 
1,003 
955 
1,288 

1,444 
1,123 

• • • 

1,481 



Date. 


No. 1 
Wire. 


1871— 




December 28 ... 


670 


1872— 




January 27 


679 


Febmary 27 ... 


696 


March 31 


676 


April 25 


663 


May 28 ....;.... 


649 


June 22 


687 
826 


July 23 


August 19 


818 


September t ... 


• • • 


October 22 


709 


November 20... 


763 


December 30 ... 


867 


1873— 




January 24 


642 


Febmary 24 ... 


678 


March 25 


611 


April 23 


686 


May 23 


606 


June 23 


611 

628 


July 24 


August 23 


717 


September 23... 


609 


October 21 


669 


November 22... 


696 


December 24 ... 


564 


1874— 




January 24 


592 


February 24 ... 


551 


March 25 


659 


April 24 


679 


May 23 


551 


June 27 


607 
682 


July 24 


August 29 


771 


September 24... 


643 


October 26 


944 


November 24 ... 


849 


December 23 ... 


650 


1875— 




January 23 


883 


February 23 ... 


764 


March 24 


719 


April 23 


636 


May 22 


712 


June 24 


562 




8-29 

9-6 

18-6 

391 
44.4 

49-6 
66-6 
88-6 

• • • 

173 

208 

. 220 

10-3 

181 

24-8 

210 

29-7 

600 

61-3 

68-3 

672 

1821 

347-5 

389-5 

• 

314-3 

280-7 

371-5 

366-4 

3980 

96-1 

76 

630 

69 

28 

18 

84 

94 
44 
30-4 
37-6 
41-7 
41-9 



981 
1,073 
938 
979 
1,173 
1,146 
1,476 
1,736 

liSl 
1,556 
1,561 

1,307 
1,271 
1,420 
1,272 
1,231 
1,203 
1,159 
1,564 
1,193 
1,214 
1,429 
1,312 

1,438 
1,217 
1,106 
1,303 
1,116 
1,227 
1,365 
1,564 
1,483 
1,928 
1,882 
1,060 

1,696 
1,274 
1,277 
1,139 
1,274 
1,064 



• This test was taken with einc to earth ; all the others with copper to earth. 



t No test taken. 



SOCIETY OF TELEGEAPH ENGINEERS, 



Tlie Thirty -eighth Ordinary General Meeting was held on 
Wednesday, t!ie 10th November, 1875, Mr, Latuheb Clabk, 
President, in the Chair. 



The President rose and said — 

Gentlemen, — In meeting together for the first time after the 
rocess, I have much pleasure in stating that the business of the 
Society has been well attended to by the Council, and the pre- 
jiaration of the Catalogue of the Ronalds Library has been duly 
carried on, and is now in an advanced state. The work, however, 
is of such magnitude that I fancy it will be a long time before we 
can announce its completion ; in tlie meantime it is going on, and 
about one-third of the catalogue has been written out and is in type. 

Tlie Paper for this evening is *' On the respective merits and 
durability of Gutta-percha and India-rubber Joints," by Mr. Henry 
0. Mancc, of the Persian Telegraph Department, a member of the 
Society, and well known to most of us, and I hope when that 
Paper comes before you it will be discussed in a way that the 
importance of the subject deserves. But, before we commence, it 
is my duty to take some notice of the loss of one of our most dis- 
tinguished memberB ; I allude to the death of Sir Charles Wlieat- 
stoue. A greater name than that we can seldom expect to have in 
om' Society. Sir Charles Wlieatstone was distinguiabed, not only 
amongst the members of this Society, but throughout the world, 
as one of tlie most eminent men of scieneo of this or any past 
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era, and I do not think we can duly appreciate the greatness of 
his name unless wo regard it from a proper distance. You cannot 
discover the tallest tree in tlie forest while you are standing under 
its shadow. If you wish correctly to estimate the magnitude of a 
building, it is necessary to place yourself at a distance from it ; it 
is only then you can fully realise its real proportions as compared 
with its fellows. So it is with the name of Sir Charles Wheatstone : 
I feel that, in order to appreciate how great a man he has been, we 
must look forward many years — I mean by that a very great many 
years — if we can take our stand in imagination, a thousand years 
hence the name of Wheatstone will still be well known and highly 
honoured. So far as we can judge from the history of the human 
race, and of the past, I am of opinion that, as long as history la^^ts, 
the name of Wheatstone will be associated with that of Watts and 
Stephenson as men who, in the era of Queen Victoria, were pro- 
minent in the introduction of those magnificent enterprises by 
which the whole world has been practically reduced to one- 
twentieth part of its former size. Our successors will hear in their 
day of the giants of the Victorian era ; they will hear the name of 
Watts in connection with the steam-engine, and of Stephenson in 
connection with the locomotive and railways ; and they will also 
hear of Wheatstone in connection with the electric telegraph. We 
who are closer to him, and know more of the history of the inven- 
tion, are well aware that others are entitled to share with him in 
the fullest degree the honour of the introduction of the electric 
telegraph ; but history is written very much by scientific men, and 
Sir Charles Wheatstone was himself an eminently scientific man, 
and mingled so much with scientific men, that those who will be 
the recorders of the history of the future will, to a great extent, 
associate his name alone with the practical introduction of the 
electric telegraph. I do not speak of the justice or injustice of 
the matter, but from the position he held here and on the con- 
tinent it is certain, after we have passed away, that his name will 
be more prominently associated with the introduction of the electric 
telegraph than any other. Therefore, I say we lose in him an 
honoured name, and one of the most distinguished members our 
Society can ever expect to possess. 
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I think it will not be a loss of time if we, as an electrical 
society, consider for a few moments tlie gi'eat services which Sir 
Charles Wlieatstone lias rendered to the science of electricity ; 
and, if it will not be detaining you too long, I will review briefly 
a few of the valuable improvements which he introduced in tele- 
graphic and electrical science. 

Our late lamented and diatinguished member was born, aa most 
of you know, at Gloucester, in the year 1802. His ]jarents not 
being persons of affluence, he had to earn an honest living at 
the commencement of his life. I believe he was connected with 
tlie sale of musical insti'uments. He, however, soon rose above that. 
His talent's became known, and in 1834 he was appointed Professor 
nf Natural PhOosophy at King's College, and a worthy choice they 
made, wlioever choso liim. He early distinguished himself in 
science, for in that same year, 1834, he made that marvellous 
experimental determination of the velocity of electricity which 
would have been of itself enough to render his name immortal 
amongst the roll of men of science. It must have been a happy 
inspiration which struck him — but, knowing the man, it ought 
not to surprise us — it was a magnificent idea of his, that method 
of using a revolving mirror to illustrate the velocity of electricity, 
iind subsequently that of light itself— a velocity so great that by no 
other mundane means could we demouati'ate its existence at all; 
liut Wheatstone, in 1834, conceived the happy idea of causing a 
mirror to revolve at a velocity of 800 times per second, and by 
diat means to demonstrate whether a current of electricity did or 
did not take an appreciable time to pass round a cii-cuit of wire. 
In his lecture-room at King's College he suspended a length of 
about four miles of wire round the room, and he sent thi-ough 
those four miles of wire a discharge from a Leyden jar, and caused 
the dischai'ge to form sparks and make itself manifest at three places 
— first at the insh'ument where it left the jar, second at two miles 
distance of wire, and lastly again when it re-entered the jar, and 
these three breaks were bo arranged that they were all in a direct 
line opposite to him. He looked at these three points where the 
sparks passed in a mirror revolving at au immense velocity. It 
>vas nothing more tlian the works of a watch, on which bo fixed his 
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tiny mirror, and at the time when the current was passing in tlie 
right direction he saw the reflection of the three discharges from 
the Leyden jar. Now, if these discharges were all absolutely 
simultaneous, the mirror would show all the three in the straight 
lino in which they were arranged ; but if not simultaneous, the 
middle one being a little later, the mirror would have turned 
tlirough a minute portion of space, and its reflection would not be 
in a straight line, but reflected at a point a little distance from 
the others, and the three sparks would not be in a straight 
line but in a slightly curved line. This magnificent experiment 
Sir Charles Wlieatstone carried out successfully in his own lecture- 
room, to his very great delight, as we may readily imagine. He 
saw that these sparks were not in a straight line, and that the 
current had taken some time to traverse the three points of the 
wire and reach the end of the circuit From this it was deduced 
that the velocity of electricity is 288,000 miles per second, which 
does not vary very materially from the velocity of light, and 
Wheatstone announced this as the result of his wonderful experi- 
ment, and it at once spread his name through the world of science, 
as the author of one of the most magnificent discoveries ever re- 
corded. Since tlien that system has been used for determining the 
velocity of light, and the revolving mirror is now one of the most 
powerful means of determining high velocities and minute portions 
of time. In determining the velocity of electricity we know, as 
Faraday pointed out, that there is no such thing as a constant 
velocity of electricity; in fact, no one knows what the ultimate 
velocity of electricity is ; we know however what takes place in 
sucli an experiment as this ; there is the same phenomenon in a 
submarine cable — that is, before the spark could cross the middle 
space at two miles from the battery, it had first to charge the two 
miles which existed between the battery and the conducting knobs 
tO a tension sufficient to strike across that distance, and the time 
it took in charging that two miles of wire would depend upon the 
conductivity of the wire, and also on the amount of its electrostatic 
capacit3^ Faraday showed that if you put Leyden jars in circuit, 
or if you have a submarine circuit instead of the walls of a room, 
the velocity, instead of being 288,000 miles per second, might only 
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I 144,000 or less, tlie fuiictiou of velocity evidently depending 
upon the conduetibility an([ the amount of electrostatic capacity of 
the wire ; therefore, tliough Wheatatone supposed that ho had dis- 
covered the determinate velocity of electricity — we know that it is 
in some cases more and in some less — that it is in fact entirely 
dependent upon the two functions I have stated. Still, tlie ox- 
|>eriment was one of so briUiant a character that alone it was 
enough to immortalise his name. 

In 1835 he made another discovery, and ascertained that when 
metals were volatilised by the electric spark — that is, when a cur- 
rent was paused between two terminals of different metals — the 
spectrum when viewed thi'ongh the prism showed certain deter- 
minate lines of light, and he showed also that these lines of 
light varied in different metals, and be went so far as to say that it 
was possible to determine what kind of metaJs the terminals were 
composed of by looking through the prism and observing the 
position of the lines of light which were shown on the spectrum. 

He in fact distinctly foreshadowed the method of spectrum 
analysis which has since made lis acquainted with the natnro and 
composition of the fixed stars. 

In tlic same year (1835) Wheatstone was engaged at King's 
College in giving lectures on electricity and other subjects of 
natural philosophy. Amongst others, he gave a lecture to his 
class on Baron SchelHng's telegraph, which was, to a great extent, 
the same telegraph which was afterwards so largely introduced in 
England. In doing so, he pointed out that there must be a 
great futui'e before such a force as we possessed, and he thoroughly 
tlemonsti-atcd to the world that there was the possibility of such an 
invention as the electric telegraph, and that the means were then 
known by which it could be inti'oduced. This was his first 
association with tlie electric telegraph. 

In the following year we come to a jwriod of great importance 
in Wheatatono's life. It appears that Sir William — then Mr. — 
Cooke, on the 6th of March, 1836, saw some experiments which 
were made at Heidelberg with Professor Muncke's telegraph, and 
lie was ao struck with the important nature of these experiment 

t he abandoned the occupation he was then following — that of a 
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surgeon, — and came to England with the determmation to pursue 
tlio question of tlio electric telegraph to its fullest end. He 
accordingly arrived in England on the 22nd of April, 1836 ; but it 
was not till January, 1837, that he had so far advanced the ques- 
tion he was dealing with as to be able to exhibit it publicly in 
London. He was not himself a man of great scientific knowledge. 
Ho was, as I have said^ a surgeon, and, feeling his want of scientific 
knowledge, he twice consulted Professor Faraday and Dr. Roget, 
as the best persons he could go to, witli the view of carrying out his 
pet idea of bringing the electric telegraph into practical use on the 
railways, especially in tunnels, where there was great necessity for 
it. By the advice of Dr. Roget, on the 27th of February, 1837, 
Mr. Cooke visited Wheatstone at his house in Conduit Street, who 
afterwards introduced him to his lecture-room at King's College. 
Ho then proposed to Wheatstone that they should enter into a part- 
nership to carry out the electric telegraph, and, strange to say, 
Wheatstone was at first disinclined to enter into an arrangement of 
the kind. We all know how very frequently a small circumstance 
may determine the future course of a man's life. He may be late 
at dinner, he may pass on the right hand side of a street instead of 
the left, he may be civil or inattentive to a man, and a trivial 
circumstance may produce an entire change in his future career. 
Wheatstone, in my opinion, will owe much of that celebrity 
which I think he will obtain in future years to his connection with 
the electric telegraph, and I believe had he not associated himself 
with Sir William Cooke he might have remained only a distinguished 
professor who had demonstrated and explained the possibility of 
electric telegraphy. But fortunately he took the other course, and 
did enter into partnership with Cooke. Reluctant at first, he 
might have contented himself with saying, " I have made 
a great name in science, whereas you are not a scientific 
man, and my intention is to continue my experiments and give 
the world the benefit of them." Cooke, however, took another 
view of the matter. '' I want," said he, " to make money by 
the telegraph, and I want your assistance ; let us work together 
and treat the thing from a commercial point of view instead of a 
merely scientific one." It was proposed that a patent should be 
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taken ont, and in tlioae days a patent cost S(5\-cral liiiiidred pnunds ; 
and Wlioatatune cousentfid to become partner in the concern. I look 
upon that as the turning-point in the greatness of Wheatstone ; tor I 
suppose, liad he not taken that resolution, he would have remained 
simply as one scientific man amongst a great many others of the 
present era j hut having joined Cooke, and liaving with him suc- 
cessfully introduced the electric telegraph, he has gained for 
himself a higher pinnacle of scientific eminence than would 
have been possible by any otiier career. It was in May, 
1836, that Cooke and Wheatstone resolved to unite together in 
this great scientitic enterprise, their deed of partnership being 
dated the 19tli of November, 1837. On the 25th of July, 1836, 
the trial of the telegraph was made from Euston Square to Camden 
Town. That may be regarded as the first piece of practical 
electric telegraph which has existed, and was the origin of the 
great telegraph system which has since spread all over the world. 
Wheatstone was able to foresee, at this early period, what we all 
now so well know, the value of Ohm's laws. He was the first to 
appreciate and employ Ohm's formulfe long before others recog- 
nised their importance or their truth. I may add that in the 
same year, 1836, Wheatstone was elected worthily a Fellow of tlte 
Koyal Society. 

In 1837 Cooke and Wheatstone took out a patent for the five-needle 
telegraph, which is essentially the child of Sir Charles Wheatstone. 
This consisted of a keyboard of peculiar arrangement, two opposite 
electro-magnets deflecting a needle. The instrument, however, 
never came into practical use, but, like all he did, it was eminently 
ingenious. The opposed electro -magnets were, however, a very 
important introduction in telegraphy. They also patented — I do 
not know which of the two introduced it — but I believe it w^ Sir 
Charles Wheatstone who invented — the system of sounding distant 
alarums by removing a detent of clockwork by tl e ad of a 
local battery, contact being made in mercury bj a needle 
dipping in cups. All these important introductions were patente I 
in 1837. They proceeded further with tbeii- inventions and n 
1839 the telegi-aph h'ne was laid from Paddington to Diavton and 
extended to Slough in ISll, and rendered such service n 1 ad g 
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to tho arrest of tho Quaker murderer, Tawell, that it at once 
brouglit the electric telegraph into popular favour. 

In 1848 Sir Charles Wheatstone suggested a very important 
step in the march of tho electric telegraph. Before the Select 
Committee of the House of Commons on Railways he gave 
his opinion in evidence that it was quite practicable to construct a 
submarine telegraph from England to France, fi'om Dover to 
Calais, or from Dover to Boulogne. As far as I know, he was 
the first to say he believed in the practicability of submarine tele- 
graphy. That is now thirty-five years ago, and few at the time 
could have expected to witness what has happened since then. At 
this time (1840) Sir Charles introduced another invention, namely, 
the chronoscope, for measuring small intervals of time by means of 
electricity, more especially the velocity of projectiles, and I need 
not say what an important part that is now playing in the science 
of warfare. In the same year, also, he took out a patent for a fonn 
of alphabetical telegraph, showing letters by an escapement and 
rotating commutator, a step-by-step motion. In the same year 
Cooke and Wheatstone erected the telegraph line on the Blackwall 
Railway, the first practical line, after the line to Slough, on the 
Great Western Railway. 

In 1841 they patented a type-printing electric machine, which 
was tlien a great novelty. It was a machine with a step-by-step 
motion, similar in principle to the one previously introduced in 
1840, showing letters on the dial, but it also carried round the type 
on a number of light springs. This machine was worked by two 
wires, and, when the typo was brought round, a hammer, acted on 
by a second current, fell upon it, and printed it on the paper. That 
was the first type-printer, a machine of which we have since seen 
such great developments. Ho also used a rotating magnetic ma- 
chine, in which five coils revolve between six permanent magnets, 
with a commutator to give permanent currents, and he introduced an 
improvement of similar character in the electro-magnetic engine. 
Ho likewise introduced the well-known rheostat or resistance coil, 
which is in such constant use at this day, bis first machine being a 
perfect resistance coil of a most elegant character. He also invented 
a chronoscopic method of recording time by a surface carryinj; 
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paper ruled to represent equal intervals of time, revolving uniformly 
by clockwork, and an electro-magnetic armature caiTyiiig a pencil. 
By tliia meaiia the exact moment of the passage of a slar or otiier 
phenomenon could be recoi*ded, and this instrument is now fast 
coming into uae iu all the large observatories of the world. 

I may here mention an incident in connection with the Blnck- 
wall telegraph which is interesting, and, I believe, true ; I will 
mention it as stated to me by Mr. Greener, one of our members, 
twenty years ago. In 1841, probably in September or March, 
a. very high tide occurred, whicli caused the inundation of tlio 
Blaekwall Railway, and it rose to such a height that it injured the 
piping through which the wires were carried, and reduced the 
number of working wires from seven or eight — they were tiieii 
□sing a wire ta each station— to one or two, Mr. Cooke, who was 
ihe practical engineer of the telegraph, was in great trouble, 
fearing that some accident might ensue by the failiu-o of his tele- 
graph, and by their being unable to communicate with the inter- 
mediate stations from the Blaekwall end of the line. I have been 
assured, not only by Mr. Greener, but also by another telegraphic 
clerk on the Railway, that tliey had previously arranged a code of 
signals on one wire by deflecting the needles alternately, once, 
twice, or tluiee, to the right or lefl, as we do now with the single- 
needle telegraph, and had managed to carry on communications 
respecting their dinners and other private matters. Mr. Cooke, on 
being informed that it was stUl possible to telegraph, gladly availed 
himself of the new means of communication by one wire, and from 
that moment our well-known single and double needle instrument 
was practically invented. If these statements be accurate, the first 
idea of the double-needle telegraph did not originate either wiili 
Wheatstone or Cooke, but was suggested by Mr. Greener and his 
partner, who was at the time engaged with him on the Blaekwall 
telegraph. 

In 1841 a difference arose between Wheatstone and Cooke as 
to who was tlie real inventor of the telegraph, and I think we must 
nil now admit that neither of them was solely. They however agreed 
to submit the question to arbitration — Isambard Brunei acting on 
the part of Mr. Cooke and Professor Daniell on that of Mr. Whea 
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etone. I will just read to yon an extract ii'om their award, and it 
a very short one. They say : " Whilst Mr. Cooke ia entitled to stand 
alone as the gentleman to whom this country ia indebted for havini; 
practically introduced and carried out the Electric Telegraph as u 
useful undertaking, promising f» be a work of national importance, 
and Professor Wheatstone is acknowledged aa the scientific man 
whose profound and successful researches had already preparetl 
tlie publio to receive it as a project capable of practical application, 
it is to the united labours of two gentlemen so well qualified for 
mutual assistance that we must atb'ibute the rapid progress whieli 
this important invention has made during the five years since they 
have been associated. ^ — M. I. Bkunel, J. F. Daniell." 

I am not aware that anything important in the history of Wheat- 
atone occurred in 1842; but in 1843 he read a paper before tlie 
Royal Society, which was called " An Account of several new Frn- 
oesses for determining the Constants of a Voltaic Circuit ;" and tlwt 
paper I have always thought one of the most valuable and instme- 
tive papers that I am acquainted with. There is no member of this 
Society at the present day, liowever high his station or great his 
knowledge, who can read that paper through again without interest, 
and those who do not know it ought to make themselves aequainleil 
with it. Considering the early date at which it was written, a 
more able paper on electricity I have never read. In the first place, 
lie introduced to the notice of the world the principle of the Wheat- 
gtone bridge, now so familiar to all. We are aware it was not his 
invention, nor did he ever claim it. It was discovered and invented 
in 1833 by Mr. S. W. Christie, who published a description of it 
in the Philosophical Transactions ; but the form in which he pat 
it was not that of the parallelogram with which we are all eo 
femiliar ; one side of the parallelogram was doubled back across 
the other, which gave it a confused appearance, and perhaps from 
this cause it did not attract notice ; but Wheatstone, by embody- 
ing it in lus_paper in 1843, at once brought it into favour, 
and from that hour to this the instrument has been in the hands 
of every electrician. Wheatstone always used Daniell's battery 
in his experiments and lectures, and explained its advantages in 
this paper. In the same communication he describes the flyatraa 



of units of eleetric*J resistance. His unit was one foot of cop]ifi- 
weighing 1 00 grains. He showed how tliis might be applied to the 
measurement of distances as well as electrieal resistances, and 
practically he was the father of the system of measurement of 
telegraphic resistance ; the paper at* a whole, abounding as it does 
in simple but practical fornmlBe, for the ealcnlation of resistances 
nnd of electric currents, is one of which it is difficult to speak too 
highly, considering the early date at which it was wi'itten. In 
1843 ho invented a machine by which, by making contact witli 
the mercury in the bulb of a thermometer, he was able to register 
the observations of meteorological instruments at great distances, 
and to record the meteorological or physical changes going on. 
Such an instrument is one of considerable importance, and lias 
been practically in use ever since. 

In May of the same year Cooke and Wheatatone inb'oduced a 
system of giving audible signals by striking a bell, using the 
derived current with a sensitive signal apparatus. Tliis had been 
done by others, but theirs was a decided improvement of the 
telegraph, and brought into notice the system we now know as 
tiie sound telegraph. Also in the same year Wheatstone discussed 
the laws of derived circuits, and it is needless to say how valuable 
these are to us as electricians. He used shunts, and patented the 
method of applying stops to the needle and giving signals by 
successive rightrand-left movements, although this had apparently 
been done two years previously on the telegraph of the Blaekwall 
Railway. He also introduced in the same year a method of 
covering electrical conducting wires with leaden tubes, which to 
some extent foreshadowed the custom of the present day. 

At this period of time Cooke had so iar worked out tlie business 
part of the undertaking that on the 2nd September, 1845, the 
Electric Telegraph Company was registered, and commenced 
its operations in 1846. Wheatstone, by his arrangement with 
liis partner, received 33,000^., a substantial reward for the eminent 
services he had rendered to telegraphy. 

From 1845 to the year 1858, so far as I remember and know, 
Wheatstone appears to have dropped entirely out of the telegraph 
connection, and I often wondered why a man who liad made 
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so firent a name did not again come to the front and bring liif 
groat electrical knowledge and inventive faculties into use: lu 
did not do so, but, having received his well-deserved rewanl, 
he appears to have retired entirely from the field. After the lapse 
of some thirteen years, however, he introduced his system i 
automatic printing, that beautiful apparatus for transmitting mcs-t 
sages at great speed by the punching of holes iu paper. Tha 
idea was originally due to Bain, who in 1846 described i 
tried to introduce the system even in that early period of tele* 
graphs ; but it did not como into use, and, though many siniilaK 
attempts were made by myself and others, all failed from our nol 
having the requisite nieehaniual skill to make it practically suo- 
cessiul. Wheatstono, however, aided by that admirable me- 
chanician Mr, Stroll, brought out the beautiful insti-umeut with 
" which we are now so familiar and which is in hourly use, and 
he alone deserves the merit and credit of having made automatic- 
telegraphy a perfect success. 

In the same year, or perhaps a little later, he introduced that 
beautiful little insti'ument with which we are equally familiar, viz^ 
the alphabetical dial telegi-aph, worked by the hand, and now m 
universal use ; and in connection with that 1 need not point oul 
where one of the secrets of Wheatstone'a great success lay. H« 
perceived distinctly what others did not, that, having to deal with 
extremely delicate forces and feeble currents of electricity, it was 
hopeless to attempt to employ heavy machinery, but that it wag 
necessary to use the smallest and lightest appliajices. In making 
his first experiments he used needles six or eight inches long, 
weighing half an ounce; subsequently the working parts \ 
reduced to a small size, combined with exquisite workman- 
ship, and weighing only a few grains. He made all his 
apparatus of a very light and highly delicate character; and 
it is the lightness and delicacy of the alphabetical and 
many other of liia instruments which constitutes one great 
secret of their perfection and success. Whcatstone made, subse- 
quently to 1858-9, some other very important inventions. Amongst 
these was a metliod of driving magneto-electric clocks by a seri^' 
of revolving magnets worked by pulsating ciurents. He likewise 



iiitrdtluceLl an improvement in over-houBO tolegrnjjlis, and was tlio 
originator of the plan of suapending wires most in use in the present 
<lay. Latterly he experimented on a very delicate system of elec- 
trical communication,- that is, with a drop of mercury in a 
capillary tube with a column of acid on each side ; and he 
proved the fact that the most delicate current passing through a 
capillary tube of acid will cause a globule of mercury to move to 
the right or left, according as tlic current is directed through it, 

I have now completed, so far as I know, the list of the prin- 
cipal discoveries of Sir Charles Wheatstons in electrical science. 
It now only remains to point out what great results have followed 
fi'ora the introduction of this system. I am informed that at the 
time of the transfer of the electric telegraphs to the General Poet 
Office, in January 1870, the number of automatic instruments send- 
ing messages on punched paper was only sis. There are now 140 
in constant use. At the time of the transfer there were 644 needle 
insti-uraenta in use throughout all England. At the present day 
the number is increased to 3,941. At the same period there were 
39 dial alphabet instruments in operation. There are now 4,178. 
I am further informed that at the present time by day there are 
14,030 miles of wire worked automatically; by night 19,000 
miles are hourly and momentarily in use on that system. I have 
received the further information that the railway mileage was, 
in 1870, 45,000 miles of wire, of which 35,000 were worked on 
the needle system of Wheatstone. We see what results liave 
foUowed, and how far at this day it is appreciated and in nso, when 
we learn that the present Post Office mileage amounts to no less 
than 108,000 miles at work in the telegraph service of this country. 

I think I have mentioned moat of the important contribu- 
tions of Sir Charles Wheatstone to electrical science, but, if 
there are any which I have omitted, I hope some member will 
describe them. I may add that he was to tlie day of his deatli 
incessantly working upon new ideas, and I have no doubt tliere 
exist many unpublished experiments in whicli he was engaged, 
and the knowledge of which he has left behind him ; I havf only 
to express tlie hope that those who have access to his pajiers will 
indly at some day give them, if not to this Society, to the 
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world at largo, believing as I do that they will be of considerable 
interest and importance. 

Dr. C. W. Siemens (past President) said : Mr. President and 
gentlemen, I have a proposition to make which I am sure you will 
all second and approve, that is, to ask our President to allow the 
address which he has just given us to be printed — not only in our 
Proceedings, but separately, and circulated to the members. I 
have listened, and I have no doubt all present have listened, with 
great interest and pleasure to his address regarding the works of 
our most highly respected and esteemed member, the late Sir 
Charles Wheatstone. He has done it, I consider, in a very 
masterly manner. I have read other notices regarding the works 
of Sir Charles Wheatstone, amongst others the address of M. 
Tresca before the French Academy, and I have taken part in a 
memorial addressed by the Royal Institution in his honour, but I 
have not hitherto found his works recorded in such a temperate, 
just, and complete manner as has been done this evening by 
Mr. Clark. We should honour the dead, but we should also be 
just with regard to them, and, whilst we avoid fulsome praise, we 
should take care to give them fairly and fully that amount of credit 
which is due to them. In the case of Sir Charles Wheatstone that 
amount of credit is a very large amount indeed. Sir Charles Wheat- 
stone laboured during a period of between thirty and forty years 
incessantly in the field of science, and his fertile mind has produced 
results such as few have been allowed to attain ; therefore he can 
well afford to have his works justly dealt with, and they need not 
be increased or diminished by one iota. There are one or two 
points mentioned by the President which I think could hai'dly be 
claimed for Sir Charles Wheatstone. I would mention the one 
regarding the effect of electricity in the capillary tubes. Sir 
Charles Wheatstone followed up the experiments on that subject 
with his usual energy, but I believe the idea was first suggested at 
Frankfort by Professor Lippmann. I think our President will be 
too glad to correct any excess of credit ; it would not be a credit 
to Wheatstone, but rather detract from his real merits, if anything 
that was not fairly due to him was attributed to him. I think 
however, on the whole, we have heard an address regarding the 



works of Sir Charles Wlieatitoiie which deserves fo live amongst 
UB as a lasting record of the works of one of the fjreatest men this 
centiirj wil! have to boast of. 1 bog to propose that our President 
be requested to allow his Address to be printed and circulated 
aniongst the members. 

Pkofessor Abel : I beg to second the motion which has been 
made by Dr. Siemens. In doinf» so, I feel I represent here a 
gentleman who would have been more worthy, in every respect, 
lo second it, namely, Mr. Sabine, the son-in-law of Sii- Charles 
Wheutstone, who, owing to unavoidable cirenmstanees, is not 
present this evening. But I believe I may claim — though my 
claim is a very modest one — to say a few words with reference 
to the great labours which Sir Charles Wheatstone has can-ied 
out, and the great success of his works. I feel happy in 
the recollection of tlie fact that nearly a quarter of a century 
ago I was. associated with him in a humble way in one 
small branch of the many subjects which ho took up with such 
enthusiasm, and I may be allowed to say there can be no man 
existing in the Society of Telegraph Engineers who ever was 
associated with Wheatstone who will not feel proud of that 
assoc-iation, however humble it might have been. It was my 
fortune more than twenty years ago to work with Wheatstone 
in tlie application of high tension electricity to the explosion of 
mines, and I consider the entlmsiastic way in which he entered into 
this subject led to the rapid development of that very important 
application of electricity which we have had on many occasions 
opportunities of noticing, and from which I believe tliis country 
will reap many advantages in the future. It was Wheatstone 
wlio proposed the application of magneto-electric currents to the 
explosion of mines, and he was the first to bring forward a 
powerfiil magneto -electric machine, which was first experimented 
upon by Mr. Henley for this purpose. He brought under the notice 
of the Government the successful labours of Du Moncel, Savari, 
von Ebner, and others in this direction, and I consider if he had 
only done tliis service he had done an important work. He did 
more, ho constructed the first practical and thoroughly efficient mag- 
neto-electric machiuo for the explosion of mines, and it was at his 
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instigation that I devoted timo to devise the actual means of doing 
tliis by his machine. With liim, to midertake a work was to set 
about it with remarkable enthusiasm, to wljich was added au asto- 
nishing amount of ingennity, ajid we oaunot fail to notice how 
very rapidly ho brought his scientific ideas into practical use. 
1 consider we have had brought before us a most lucid and 
in every way a most valuable summary of the life of Sir Charles 
Wheatstone as presented by bis works, and therefore I beg most 
heartily to second the motion of Dr. Siemens. 

The proposition having been caiTied by acclamation, 
The President : I have to say how deeply I feel the loss wft 
havo sustained in the death of our respected mcmbei*. I tliiiik 
it would bo proper, in a_ case of this kind, that we should pass a 
vote of sympatliy on the part of this Society to the relatives of Sir 
Charles Wheatstone. I need scarcely tell you, what you wouli 
almost surmise, namely, that we had warmly hoped to have 
been honoured by nominating him as om- next President, and it 
had been decided to communicate with him for that purpose when 
his lamented death intervened. In fact, the wish had been 
already communicated to his friends. I therefore propose that 
wo ofter a vote of deep condolence to the relatives of Sir Charles 
"Wheatstone on the part of this Society. 

Major Malcolm : I am quite sure that not a single hand vrill be 
raised in controversion of the proposition which has just been mads 
by the President. I think we all cannot but feel tliat this Society 
has experienced a most serious loss in the death of Sir Charlos 
Wheatstone, and I think, feeling it ourselves, we must feel with 
his relatives for the great loss which they themselves have experi- 
enced. It was not alone to tolegi'aphic and electrical science that 
Sir Charles Wheatstone devoted himself, hut, as we know, he ap- 
jilied himself to the whole range of science. I have the greatestj 
I can hardly call it pleasure, in seconding the President's propo- 
sition, and I trust you will allow me to put it to the meeting. 

TJie proposition was then put and unanimously agreed to. 
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ON THE RESPECTIVE MERITS AND DURABILITY OP 
GUTTA-PERCHA AND INDIA-RUBBER JOINTS. 

By Henry C. Mange, 
Government Telegraph Department^ Persian Gulf, 

The following experiments were conducted at the head quarters 
of the Persian Gulf Telegraph department, Kurrachee, with the 
view of ascertaining the extent to which the different descriptions 
of joints might be relied on. The results obtained are commu- 
nicated by the desire of the Director-in-Chief, in the hopes of 
eliciting further information on the subject from the Members of 
the Society of Telegraph Engineers. (See pp. 338, 339.) 

Between fifty and sixty joints were submitted to observation. 
The jointer, who has had several years' experience, was aware that 
they would be carefully examined, and I have every reason to 
believe that great care was taken in preparing them. 

It having been suggested that gutta-percha joints are more 
liable to perish when exposed to the influence of water in the 
cable tanks j joints 8 to 17 were submerged in the Kurrachee 
Harbour for six months ; the deterioration however was about the 
same as that previously noticed in those kept carefully wetted in 
the tanks. 

The insulation of the Fao-Bushire gutta-percha cable, which has 
scarcely been touched since it was first laid, is higher now than it 
has ever been, leading to the inference that gutta-percha joints 
made in the factory at home, when the core was new, are not 
subject to such a decrease in their insulation resistance as is shown 
in those recently examined at Kurrachee. The question arises 
whether gutta-percha a few years old can be jointed so successfully 
as that in newly-manufactured core. I do not speak of core the 
outside coating of which is perished, but sound core, which, 
although weU preserved, has been manufactured say five or six 
years. Should a joint properly made in good core of this age 
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retain for twelve months the high resistance it shows when first 
tested ? 

Mechanically the whole of the joints were good and sound ; there 
was no outward sign whatever to indicate any deterioration, and 
when cut open the workmanship appeared perfect. This remark 
applies also to joint No. 3, gutta-percha india-rubber. With the 
exception of No. 3 the india-rubber gutta-percha joints are, I 
think, very satisfactory. No. 4 is equal to one made altogether of 
india-rubber. 

The No. 2 india-rubber joint is the only one of that kind which 
tests low, but this is due not to bad jointing but to a small per- 
foration in the core made by a "borer" whilst the joint was 
submerged in the Kurrachee Harbour. It is worthy of note that 
out of a large bundle of joints only one india-rubber joint was 
touched by the borer, and in this case it had not quite penetrated 
through to the conductor. Many of the gutta-percha joints in 
the same bundle were riddled with holes by borers in the same 
time. 

Thinking it possible' that the gutta-percha joints 7 to 17 might 
have stood the test of time better with less manipulation during 
manufacture, I had joints 1 8 to 23 made with greater dispatch. 
The latter joints tested the best. I submitted also some sealed ends 
of percha core to examination and obtained very satisfactory 
results ; it is very probable that joints are as often injured by over 
care as by too hasty manufacture. There is a point beyond which 
manipulation and the use of the spirit lamp will do positive harm. 

Most of these joints were tested on several occasions, and the 
results obtained were fairly regular, usually showing a gradual 
decrease up to the last test, except in the case of the india-rubber 
joints, which remained steady. Every precaution was taken to 
prevent surface leakage over the ends of the joints ; the testing- 
room was well warmed to counteract the moisture in the atmosphere 
outside, and the ends were carefully dried a few moments before 
testing. 

The sensibility of the galvanometer used was such that the 
testing-battery of 80 cells would produce a deflection equal to 
200,000° through a million units, consequently when a less deflec- 
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tion than 2" was obtained through any joint the resistance oi tho 
latter miiat have been at least 100,000 milhona. 

The good joints were also tested by Clark's Accumulation Test, 
using a trough suspended between two ebouite bars. The ac- 
cumulation observed from a joint of which the resistance was 
known enabled me to roughly estimate the insulation of other 
joints, the resistance of which was too high to be measured by 
ordinary methods. I have considered it sutficient to record the 
good joints as over 100,000 millions, although I have no doubt 
many were more than double this. I did not observe the time 
required for the fall of tension to one-half, as unless the weather 
happened tn be extremely favourable there was a great difficnity 
in preventing a slight leakage of one or two degrees on tho 
connections. These observations have already extended over a 
period of more than two years ; several joints were cut open, but 
the whole of those included in the list have, with one exception, 
been replaced in tlie tanks for further examination. 

^^BCiiE President : I am sure I need not bespeak attention to this 
^Wbject, as the importance of making good joints is obvious to us 
all. We have Mr, Willoughby Smith with u-s to-night, than 
whom no one knows more about joints, and I hope he will favour 
us with a little of his knowledge and experience, and at the same 
time tell us whether he has found any difBculty in the union of old 
with new gutta-percha, and whether, iu joining old gutta-percha, 
it is necessary to use thin sheets of old gutta-percha, or whether 
he would employ new material for the purpose. 

Mr. WiLLODGHBY SMITH : The question has been asked, whether 
it is better to keep joints in water or out of water. My esperieneo 
goes in favour of keeping them in water. In 1866 a cable was 
manufactured to be laid in the Behring Sea. The core was sup- 
plied by the Gfutta Pereha Company, and the cable manufactured 
by Mr. Henley. Tho cable left England coiled diy in the hold of 

King vessel. After a long absence, it was returned tti ^Vt. 
2 A 2 
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Henley's works. During the interval it had been frequently 
recoiled, but was never laid. When I again tested it, I was 
rather surprised to find the resistance of the dielectric so low ; 
but investigation proved the cause to be in the joints, and I attri- 
bute the cause of their low resistance to their having been kept in 
a dry state for four years. 

With regard to old core, there is no difficulty in joining old and 
new, provided care be taken to thoroughly clean the surface ; not 
with a solvent of gutta-percha, as is usually done, but by shaving 
off the surface of the gutta-percha with a " trimming knife ;" by 
this means perfect adhesion between the old and new is obtained. 

One question raised in the paper is, " Will joints made in old 
cores stand as well as new, and will they stand at the same resist- 
ance for twelve months ?" I do not think any joint will test, after 
twelve months' immersion, the same electrically as when first made. 
I have the record of one or two experiments on the subject which 
may be interesting. In 1871 I got nine of our best jointers to 
make twelve joints each in thirteen yards of a small core. These 
lengths were marked respectively A, B, C, D, E, and F. Each 
length was tested separately by the accumulative system, after 
twenty-four hours' immersion in water, kept at an uniform tempe- 
rature of 75° Fahr. The standard was thirteen yards of the same 
core, but containing no joints. The results were as follows : — 

Standard = I'OOO 



A 


= 1-343 


B 


= 1-256 


C 


= 1-228 


D 


= 1-371 


E 


= 1-314 


F 


= 1-371 



The usual standard is, that the leakage from a length of core 
containing a joint shall not be greater tlian the leakage from twice 
the length of the same sized core containing no joint; conse- 
quently this test was considered satisfactory. 

I tested these joints under precisely the same conditions again, 
after having been immersed in water kept at an uniform tempera- 
ture of 75° Fahr. for three months. The test was then — 



1876.] GUTTA-PERCHA AND INDIA-RUBBER JOINTS. 341 

Standard = I'OOO 



A 


= 1-333 


B 


= 1-361 


C 


= 1-306 


D 


= 1-361 


E 


= 1-305 


F 


= 1-277 



They were again tested after they had been immersed five 
months at an uniform temperature of 75° Fahr., with the following 
results : — 

Standard = I'OOO 



A 


= 1-625 


B 


= 2-250 





= 1-350 


D 


= 1-300 


E 


= 2000 


F 


= 1-250 



I have not tested these joints since until yesterday. They have 
been immersed in water, but not at an uniform temperature, for 
four years. The results of the tests were as follows : — 

Standard = 1-000 



A 


= 81-200 


B 


= 58-000 


C 


= 41-500 


D 


= 2-500 


E 


= 72-000 


F 


= 3-100 



It is well known that the electrical resistance of gutta-percha 
increases by age, and in four years the resistance of the thirteen 
yards used as the standard has increased threefold. 

There is another very important suggestion made in the paper, 
which I was sorry to see. The author of the paper throws out an 
idea which, if adopted, would carry us back to where we were 
twenty-five years ago. I allude to where he suggests that joints 
made quickly stand better than those with which pains are taken. 
That is contrary to all my experience. In fact I do not think too 
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much care can be taken in the making of a good joint, especiallj'- 
in the small-sized cores now generally used for subterranean and 
submarine lines, where the length does not exceed 1,000 miles. 
In cores the size of those in the Atlantic and Persian Gulf cables 
there ought to be no difficulty in making good joints, if an expe- 
rienced man is employed. It is a curious fact that the same jointer 
seldom makes two joints that will test the same electrically after 
they have been made a few days. Jointers who accompany cable- 
laying expeditions, or have been otherwise engaged from the core 
factory, after their return are incapacitated for a time from making 
a joint that will pass the electrical standard. I think that is to be 
accounted for by the fact that clean hands are absolutely essential 
to the making of good joints. In the core factory their daily 
occupation is joint-making, but when from home occasions ofi«n 
arise when months may elapse before they are required to make a 
joint, and in the interim the jointer is employed in work which 
certainly does not improve the hands for joint-making. Attending 
to and cleaning batteries, for instance, may be mentioned as one of 
the objectionable occupations to which a jointer should not be put. 
Some men are physically incapacitated for joint-making, especi- 
ally those who have warm moist hands. As far as my experience 
goes, there is one important fact which is very encom'aging, that is, 
that a good mechanically made joint, although it may alter electric- 
ally, will never fall so low in its resistance as to interfere with the 
working or the duration of the life of a cable. I have by me a 
coil of bad joints, that is to say, all the rejected joints that have 
come under my notice. I have had them joined together, and [ 
think at the present time there are 288 joints all told. Some of 
these joints have been immersed for nine years, during which time 
they have been subjected to every kind of hard treatment. Quick 
reversals, from a battery of 500 cells, have frequently been em- 
ployed for several months at a time with a view to break them 
down, but without success, and the present resistance of the entire 
length is 24 megohms. Not very long since a portion of the cable 
laid between Malta and Alexandria in 1861 was recovered, and in 
tlio core taken from the same I found two joints, one of which had 
the mark of tlic jointer at the cable factory, and the other that of 
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the core factory. On comparing tliom with the present electriciil 

fndards, the tests were aa foilows: — 
Standard = 10 
Core factory= 2'7 
Cable „ =40-0 
Considering that those joints had been immersed over twelve yeai-s, 
I consider the tests satisfactory. There is rather an important ques- 
tion ill connection with joint testing, which I tliink is worthy the 
attention of telegraph engineers. I refer to the standard hitherto 
used at the cable factory. I have alresdy stated that tlie standard 
at the core factory is, that the loss from one yard of the core con- 
taining a joint shall not be greater than the loss from two yards of 
the same core containing no joint. The standard at the cable 
factoiy is the same. Now, suppose a joint has pafise<l the test at 
the core factory, and many weeks elapses before the same joint is 
again tested at the cable factory, and then the loss is found to be 
equal to four yards of core, would it not be better to pass tlmt 
joint at a lower standard than reject and trust to a new one made 
in the cable factory, and almost immediately passed into the cable, 
IV here no further opportunity is given of again testing it ? In con- 
clusion, I hope Mr. Mance will erase fi-om his paper that part hi 
which he suggests that jmnta made quickly are better than those 
on wliich time and care have been bestowed. 

The President : You have sent some apecimens, can you inform 
us what this is ? 

Mr. Smith : The coil of wire which you hold in your hand is a 
portion of the gutta-percha-covered wire which was laid by way 
of experiment from Dover to Calais in 1850. As I was engaged 
ill the manufacturing and laying of that, the first submarine line, 
I have always taken great interest in anything connected with it, 
and, having beai-d that a fishing-smack had recently picked up a 
length of the same and brought it into Dover, I applied to the 
Submarine Company, and their engineer kindly sent me the length 
now before you. Its present electrical resistance is 645'3 megohms 
]»er knot after one minute's electrification, after twenty-four hours' 
immersion in water kept at an uniform temperature of 75° Fahr. 
Considering that that length lias been one of the waife and strays in 
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tlie English channel for twenty-five years without any protection, 
think that its present condition speaks volumea for the durabilit 
and general suitability of gutta-percha for submarine telegraphy 
The other specimens simply show the crude way in which thi 
jointj) were made twenty-five years ago compared with the present 
system. 

Mr. T. T. P. B. Warren : The efficiency of a joint, whether io 
india-rubber, gutta-percha, or between the two materials, frequentlj 
depends upon the jointer more than on the materials themselves, 
man of a nervous temperament should never be allowed to makfl 
joints, for a fidgetty over-cautiousness iu joint-making will generolij 
end in a bad result. 

The remark made by Mr, Mance that " there is a point beyonc 
which manipulation and the use of the spirit lamp will do positive 
harm " is undeniably correct, 

If the hands of the operator are liable to excessive perspiration 
it is impossible for a joint to bo made having even a fair degree 
of insulation. I speak hero from experience on india-rubber, 
whether in its vulcanized or unvulcanized forms, and I should 
infer that the kneading of gutta-percha with damp hands would 
lead to a similar result. A man whose hands perspire freely should' 
never on any account be employed as a jointer. I have seen in- 
stances where excessive zeal, in endeavouring to keep the hands 
clean by washing, has resulted in defective joints. 

In the tropics and during hot weather these remarks cannot be 
too forcibly impressed upon those having the charge of cable-work. 
In fact I feel more disposed to attribute the defective jointing ia 
gutta-percha, and between gutta-percha ^d india-rubber, to this 
cause than to the materials. Mr. Manee says that he found Ilia 
joints which were more hurriedly made test better than those on 
which a more extended manipulation was given. I can myself 
quite conceive that such a result shouki follow, as the materials for 
jointing should be handled as little as possible. 

We should not forget that naphtha or spirit of wine when burn- 
ing produces an enormous quantity of aqueous vapour compared 
with the quantity of spirit consumed, and in which the ends of tlie- 
gntta-perolia cores are heated when prepared for jointing. This 
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is liable to become at once a fruitful source for defective gutta- 
percha joints. It can be easily remedied, and, I have no doubt, 
manufacturers of gutta-percha cores have their remedies for tliis 
e^Hl. Mr. Mance says that the insulation of the " Fao-Bushire 
gutta-percha cable " is higher now than it has over been, which is 
a clear proof of the durability of the joints when miule in England, 
and at the core or cable works. 

I have tested several gutta-percha joints, and I must say, in fair- 
ness to this material, tJiat I have never met with anything 
approaching the disastrous results met with by Mr. Manco, and 
I may apply the same remark with greater force to joints made 
between india-rubber and gutta-percha. 

Taking the first four joints in Mr. Mance 'a tables for observation, 
if I found that a jointer could make joints, with such wide results 
as indicated in the table, I should say something must be wi'ong, 
for clearly, if one joint can be made to keep right, why not the 
remaining three ? 

As regards the permanency of joints made in gutta-percha cables 
after being laid some time, I believe there is an opinion that Lhey 
cannot be made to stand bo well as when made in recently manu- 
factured core or cable. My experience on this point is limited only 
to a few cases. We had an occasion during the past summer to 
pick up a cable belonging to die Cuba Submarine Telegraph Com- 
pany, running from Batabaiio to Santiago, for the pui-pose of 
attaching shore ends into CJenfuegos ; the jointing was performed 
witliout any difficulty between the old and new gntta-pereha, and, 
to all appearance, seemed as perfect as any joint I have ^een. As 
an experiment, and partly to keep the jointer, employed, I had 
three joints made in the new core, and one between a piece of old 
and new core. By testing with 500 cells on a marine galvanometer, 
one division of the scale of which would represent a resistance of 
nearly one thou.sand megohms, none of them gave the slightest 
deflection. After keeping them for a few weeks, they were cut 
open, when it was found impossible to separate the old from the 
new materials. The man who made these joints was a good india- 
rubber jointer, with some years' experience, but who had made only 
!i few gutta-percha joints for practice before joining up the cables. 
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Instead of washing tho hands with aonp and water it is &!•. 
better to cl^an them with a little naphtha ; eitlier wood or rectified 
coal tar will do, although preference in india-rubber jointing shoulil 
be given to the latter ; the evaporation keeps the hands oool and 
free from perspiration, whilst its vapour has no effect on tlie in- 
filiating materials. I udopted this jilan in the tropica and West 
Indies, and had, in conseqiience, but very few occasions to order !i 
joint to be remade. 

The proper routine in selecting a jointer is, I fear, rarely fol- 
lowed, chiefly because a maTi is marked out for distinction on tho prin- 
ciple of favouritism, and, whetlier fit or not, must be made a jointer, 
Although I have seen and tested some thousands of joints in india- 
rubber in its various forms, I have seen but a very small number 
defective. This I attribute to the method of selection for jointers. 
No man should be allowed to make joints in cores or cabk's 
without his first undergoing a ftirly experimental training: this 
first operation should be confined entirely to temporary work, eacli 
joint being well marked. 

These little preliminaries to joint-making may appear somewhat 
fastidious, but it must be remembered that a jointer, although sO 
much depends upon his work, is generally, and I fear in most caset 
on repair ing-ships, a man whose knowledge is the result of 
rience, and attained strictly by rule of thumb. 

It is not a good plan, in arriving at the worth of your jointer, (ft 
tell him to make a few joints specially for testing ; it is ftr better 
to out out a few from the drums of core now and then at the cor 
works, for in this way you get a test of his actual work. 

Too much care cannot be taken in the selection of a joint«r. Tin 
electrician in charge of an exjiedition ought to know not only ' 
method of joint-making as well as the jointer, but he should 
able, at a moment's notice, to extemporise the minutise required by 
unforeseen circumstances and conditions. 

Presuming, firstly, that we have found a man, tho model for 
jointer, instead of allowing him to make a joint as occasion re- 
quires, he should be directed to make a few now and then, when 
unoccupied, not so much with an idea of keeping his hand in, bi 
as a test of the suitability of his jointing materials and tools. 



■RUBEEB JOIHTS, 347 

no detoriomtion has arisen, and Uiat hia stock is as it should be, ami 
tJiat hia tools and apphanees are ready at hand, if re(|uired, on an 
emergency. 

The preservation and protection of the jointing materials, 
especially at sea and in warm climates, is not a matter which 
should he left entirely to a jointer, unless he is a man of good ex- 
perience and trufitworthinesB. 

I aui inclined to think that jointing materials are not always 
sont to sea aa they should be, or, if sent properly and securely 
packed in air-tight cases, are not preserved with tlie care re- 
quired afterwards, the result being the manufacture of a defec- 
tive joint due to partly oxidised or decayed materials. I do 
not tliink, however cautiously packed, that any raw insulating 
material should be depended upon after being kept in a warm 
climate over eighteen moutlis or two years. I have no doubt that 
core manufacturers would willingly take back the refuse jointing 
materials, as they could be used up for other purposes besides 
insulating. 

Apart fi"om the causes already pointed out as likely to produce 
bad joints, there is one arising purely from the effect of surface 
hydration, — unless extreme caro is used, a bad joint follows through 
the want of cohesion at the extreme ends of the new materials. 
This defect is more Hkcly to be met with in india-rubber cores 
than gutta-iiercha, in consequence of the surface becoming moro 
liydrated. A gentle heat will frequently remove tliia ; and if the 
core has been for some time in sea-water it should bo previously 
washed in a little condensed water and dried. 

There can be no doubt that the diminished chanco of getting de- 
fective joints in india-rubber as compai'ed with gutta-percha is duo 
to the heat to which the india-rubber must be submitted fo ensure 
its consohdation, and which, although it does not melt it, softens it 
so as to be compreaaiblc into an uniform mass under a moderate 
pressure, conditions which woidd involve tlie disturbance of the 
conductor from its central position in gutta-percha cores. 

I met with a very singular case some time ago, in which a man 
who had hitherto made excellent joints suddenly produced joints 
of a very indifferent quality, and, although I had several made 
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for testing, I found them all more or less defective. I found 
this was due to the man's suffering from bad health ; as he reco= 
vored, his joints became as good as ever. 

I now come to another consideration, namely, the testing auj 
inspection of joints. 

Every joint should be examined and tested whenever practicable 
The testing of joints, even if the result be satisfactory, should nevee 
be allowed to dispense with the inspection, for it must be borne in 
mind that the time allowed for a joint to stand in water, more 
especially at a cable factory, or on board ship, is far too short ii 
allow the water to get through even a very defective joint. It if 
well known tliat a joint may test very well some hours after it bal 
been made, hut, afler some time it may become a source of vesatioof 
annoyance. Hence it is preferable to teat joints at a cable Bictoryi 
instead of when made at tlio core-works, for the joints, in case 
former are frequently some weeks under water before testing. 

A sound joint, when cut open, should, as far as the insulator ii 
concerned, be perfectly compact, free from air-bubbles, and it( 
several coatings, no longer retaining their individual nature^ 
nbould 80 adhere to each other and to the pai'ts joined as to b^ 
inseparable at the original points of junction. On the outer surfece,; 
the ends of the coatings should so unite with the older materials a 
not to yield when tlie. finger-nail is forcibly applied to the junction. 
Any joint not complying with these conditions should unheaitatinglj^ 
be rejected, 

With gutta-percha cables this examination can be carried out ai 
once, but with vulcanised joints it is necessaiy to remove thS 
covering or binding of cotton, and this can be safely done only 
when the joint is hot. The joint being found satisfactory, it shouli 
bo well wetted, lapped again with ffelt, and soaked a short timff 
until cooled before covering up into cable. 

I have extended the same examination to the few joints I have 
had to deal with in gutta-percha, the only difference being the i 
of ice to cool the joint before covering up into a splice. With * 
rigid material, I should fancy a gradual cooling would be prefer- 
able to rapidly reducing the temperature, aa tending less to nir 
unequal contr;u*tion of the coatings. 
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The testing of joints by the accumulation method, with the con- 
denser or f|uadrant-clectrometGr, is too well known to require any 
description here. On board ship I have employed a large form 
of Tliomaou's portable electrometer, and, although it is extremely 
troubloHome and involves delay, I would nevertheless recommend 
tliat every cable expedition should carry one of these very useful 
instruments. I shall have occasion to speak of this instrument at 
a futui'e time. 

One of the most important points at sea is to economise timo 
over a joint, but this should never be attempted at tlie sacrifice of 
efficiency. A skilfiil jointer who keeps everything ready at hand 
will save several minutes over a joint— a matter of great import- 
ance with vuleanised joints if working in a tide-way or the 
threatening approach of a rough sea. 

When a defective joint is met with, it should be carefully tested 
in this way : First, well clean it with water or naphtha, unless there 
is fear of its concealing the defect. Connect it to an electrometer, 
and charge it and the entire joint by grasping the hands around it, 
then lot the outer surface be freed ; the operator then tests the piece 
of core on one side of the joint, taking care uot to touch the insulator 
jujiction, by gradually wetting with a camel's-hair pencil, which is 
in coinmunieatiou with the ground. Tho other side is next dealt 
with in the same way, when, if the electrometer shows no fall of 
tension, the fanlt is in some part of the joint ; the junctions are nest 
tested separately by passing the pencil caretully around. If the 
first one tested gives a faulty indication, recharge and examine the 
other, for one end may be defective and the other all right. After- 
wards carefully dry the parts already found defective, and proceed 
in the same way, testing the joint itself; this is best done from tho 
middle, going carefully round the core towards one of the ends or 
junctions. This done, proceed towards tho other junction. 

This method of testing a defective joint is invaluable, for it not 
nnfrequentiy happens that a faulty joint is the result of a local flaw. 
A galvanometer will do equally well for this test, unless the loss 
from the joint is very small. 

In conclusion, I would remark that manufacturers of core would 
do wisely to give to the owners of submarine cables notice of imv^ 
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improvements which might arise in the manufacture of joints or 
the preservation of jointing materials. 

I would suggest as an experiment the binding of gutta-percha 
joints tightly with canvas whilst soft, as I believe that in india- 
rubber joints the binding, when the joint is heated, is of inesti- 
mable importance. 

I think this paper of Mr. Mance's is a very important one, not 
only to the Society of Telegraph Engineers but to the proprietors 
of submarine cables. 

The further discussion of the paper was adjourned until the next 
meeting. 
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The Thirty-ninth Orclinaiy GJcneral Meeting was held on Wednes- 

kday, the 24th November, 1875, Professor Abel, Vice-Presi- 
dent, in the Chair. 



The Secbetaey having read a letter whiL-h tlie Council had 
received from the son-in-law of tlio late Sir Charles AVheatstone 
(Mr. Sabine) in acknowledgment of the especial expression of 
sympathy and condolence addressed by tlie Society to his family, 

The Chairman said : It is now my duty to invite members to 
resume the discussion on Mr. Mance's paper " On the respective 
Merits and Durability of India-rubber and Qutta-perclia Joints," 
which was read at tlie last meeting, and the discussion on which was 
adjourned till this evening. Perhaps Mr. Bell will oblige na witli 
some remarks on the subject. 

Mr. A. Bell (responding to the Chairman) : I have very few 
remarks to offer, but dm-ing the last few years I have noticed the 
decay that is often found in gutta-percha wires and Joints when 
removed from street and underground lines generally. I have to- 
day had an opportunity of seeing some joints which were made ten 
or twelve years ago, at the time when the Electric Telegraph Com- 
pany used thick wire No. 3, and in some cases No. 1 gauge. Some 
of these joints are known by those who made tliem from the marks 
upon them, and from that circumstance the period at which they 
were made has been fixed at from ten to twelve years ago. The 
wires from which these joints were cut have been several times in 
use; perhaps they have been three times drawn out of the pipes and 
then used again, so that they have had a great deal of pulling 
about, and yet these joints are still in good condition, Now that we 
are using a smaller gauge of wire, No. 7, the joints ai'e found to be 
not so good. The conditions affecting diu'ability are not so favourable 
as in the ease of submarine cables, which have a core of a much 
larger diameter, and are less subject to estrenio variations of tem- 
perature. Mr. Willoughby Smith alluded to the overheating oC 
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the joints. I find from inquiry that a source of very many iaalCifl 
is from the over-use of the spirit-lamp or dressing-iron ; Hofl 
in that case we find the joint becomes brittle iifter a time, A joint^fl 
in whom I have great confidence, remarked to me that wherer^| 
the spirit-lamp is used too long the joints become bad in a vei4 
short time. If we could find a way of making the joints of th^fl 
small wires perfect it would be a great gain. I 

In connection with joints I may state that about a year and fl 
half ago Mr. Culley requested me to make some experiments wiH 
paraflBn. Different forms were tried, but the form in a zinc tubfl 
was found best, and I have brought a few joints here which weiM 
made at that time and still test good. I have tested them by tbfl 
accumulation and the direct test, and I find there is no mord 
leakage tlian from a similar length of wire of the same size withoutiB 
joint. I have since made other experiments, and I find it is necessary 
to be careful with regard to the temperature at which the paraffin 
is used. It should not be used at a heat much above the melting 
point or there is risk of damage to the gutta-percha. There may 
also be some risk from the contraction of the material at a low 
temperature. These joints which have been lying for about a year 
and a half have never been subjected to a low temperature. If it 
were reduced to freezing point further contraction might take 
place, and this would probably cause fracture of the pai-affin, result- . 
ing in a slight leakage. 1 think the paraffin joint is worthy of a trialB 
where it can be done. I have tried ozokerit, but though it atioks 
well it is not so fluid, and on account of its having a higher melting 
point it is raoro likely to injure the gutta-percha and thus make asfl 
imperfect joint. 

IVIr. T. E. Phillips : I cannot tell you anything very new, 1 
can confirm what Mr. Warren aays as to the difficulty of testiii| 
india-rubber joints which have been soaked in any kind of wat 
Not long ago I tested the joints of an india-mbber core which li 
been for some time in water, and I found it impossible i 
insulated trough owing to the leakage along the outside of the o 
I scrajied the core on each side and dipped it into boiling parafBifl 
aud still could not insidato tlie trough ; the only way I ( 
succeed iu doing so was by snipping tlie core all round to the dopt! 
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(if about I-16th of an iucli. The water had evidently jienetriited a 
considerable deptli into the core. 

With reference to gutta-percha joints I have not inucli to say, 
except that it has occurred to me that they might be made with 
advantage with a jacket eoutainiug superheated steam, so as to do 
away with the epirit lamp, which seems very dangerous. 

Mr. Warhen spoke of the hydration of the surface. I have 
found no difficidty in testing on account of this. The only- precau- 
tion is to heat the sui-fece of the core with the tool or spirit lamp. 
When tiie core is soft we wash the sui-face, aud a few moments' 
application of the heat will render the surface perfectly secure for 
testing. 

TliB Chairman: The spirit lamp is to be cautiously applied to 
avoid injuring the surface. 

Mr. Warren : A man would have to kee]> a spirit lamp to a 
\'nlcamsed material for a considerable time belbre it would produce 
any effect. 

Majou Webber : Mr, Bell has referred to the joints in the under- 
i,T^)und telegraphs, which form part of the Postal Telegraph system. 
It struck me whether mechanical joints had been used to insulate 
the joints which we see in the flush-boxes placed in underground 
lines, Mechanical jouita have the advantage that they afford 
ready accessibility to the wires, and, if tliey give perfect insulation 
and are easily opened, it seems to me that such a mechanical joint 
as was suggested some years ago by Sergeant- Major Mathoaon, of 
the Boyal Engineers, would be a simple one to use on wires pass- 
ing through fluah-boxea in underground telegraphs ; and by tlieir 
use the wires would be accessible for any pm-poae. I remember 
one of these joints being shown to Mr. Ctilley, and it was suggested 
to him that in cases where it was desirable to test wires frequently, 
and where a jointer could not be procured to make ajoint good again 
after it was cut, tliese joints would be excessively useful. Mr. 
CuUey had one tested, and it gave perfect insulation when 
immersed; but unfoi'tuuately the circumstances under which the 
test was made were not favourahio for giving a good impression 
uf the joint, or producing good results, because by a curious 
cjiiicidence it was placed over a piece of gutta^ijie'ccW coxctcCj. 
2a2 
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wire TvLicli had not been cut at all, and insolation was given 
by the perfect insulation of the wire, and not by tie joint. I do 
not Icnuw whotlier aiiy further test was made with these joiate. 
but perhaps Mr. Bell can t«ll us. 

Mr. Bell (in reply to Major Webber's question) : Mechanical 
joints were used between London and Manchester and Liverpool 
by the Electiic Telegraph Company in 1853, in laying an S-wire 
lino of gutta-percha wire. They were placed in earthenware boxes 
sot in tlie ground, in the line of the pipes, at certain arranged dis- 
tances apart. Some gentleman connected with the Company designed 
tile coupling, which consisted of a small strip of copper, about half- 
an-inch wide, embedded in a half-circular core of gutta-percha, and 
the same on the other side. At the bottom of the cores there was 
provided a short jiiece of wire for connection with the ends of the 
wires in the pipes ; there was a dowell to keep tlie half cores 
straight, and a coupling- screw to fasten the copper strips together, 
and the whole thing was kept in position by a conical cap pushed 
qiute down over the core. Mr. Preece may be able to say how 
long it was before tliese undergromid wires were lifted, but how 
long they remained I am not myself able to state. The joint waa 
uncoupled when necessary for the purpose of making tests, 
might cause leakage, unless something was stuffed into the b( 
or cap to prevent moisture getting in. 

Capt. S. Anderson, R.E. : When this mechanical joint 
first made m our workshops at Chatham, about four or five 
ago, it was done at a cost of about Is. Qd. each. We made a groat 
many experiments at Chatham, in most cases with inexperienced 
men. We found that a maji, after being shown once or twice how 
to couple the joints, could he relied on to make one which stood 
the insulation test under a pressure of water of six, eeveuj or eight 
feet. These joints were subsequently immersed in the river under 
thirty-six feet of water, and were extremely good. Latterly, lie 
expense of these joints caused them to be put aside, and all tie 
joints in submarine experiments were made entirely witli india- 
rubber tape and india-rubber solution, lapping them carefiillv 
over, having previously put over each a piece of vulcanised 
india-rubber tubing, while above it the india-rubber was secua'lji 



HHiiiiiP^n 



lapped with twine. A joint of that kind was mado quickly ant! 
efficiently, and some of them remained eight or ten months in the 
river. I may mention, that to take the strain off the joint there 
was generally a hitch put in the wire or cable, so that in pulling 
tho strain was borne by the hitch. I have seen these joints opened 
afber many months, and I have remarked that the india-rubber 
solution and tape round the joint were perfectly jammed with the 
material of the core, and the vulcanised india-rubber tubing was 
also in perfect preservation. In fact, although this joint was only 

I put down for temporary purposes, it really answered for a per- 

r manenee. 

I Mr. W, H. Preege : It ia not often that we find an inventor so 
modest in propounding his own ideas as Mr. Bel! has been to- 
night. I was in hopes that he would have given us a short lecture 
on these new joints of his, h6eau.se in point of fact they are a com- 
plete revolution in our ideas of making tlie joints of gutta-pei"cha 
covered wires. Of course there are joints and joints. A facetious 
friend near mo suggests there are hot joints and cold joints ; but 
there are submarine joints and underground joints, which ai'e two 
totally different tilings. We have heard about the care required 
for submarine joints both from Mr. Willoughby Smith and Mr. 
Warren ; hut whatever care is exercised in making submarine 
juints it is almost impossible to do the same in making those joints 
which are found in our underground system and in that system of 
gutta-percha covered wires which passes through so many cities 
and towns in tliis country. 

Now, although to many people the subject of joints may appear a 
very uninteresting one, to those who are occupied in the main- 
tenance of telegraphs there is no subject more interesting and none 
which has more occupied the thoughts of telegraph engineers. In 
tlie streets of London in particular we are very much troubled 
with bad joints in busy thoroughfares where crowds of curious 
people ai'e constantly passing. At those times the jointer is inter- 
fered with in Ilia work to such an extent that it is almost impossible 
for him to make a joint in a way in which a proper osperiencod 
jointer can make it in a submarine cable or in the warehouse; 
and, owing to tho repeated and numerous failures which we meet 



with in these joints, the thoughts of Mr. Bell and ninny others whi 
are engaged in the maintenance of telegraphs have been devoted b 
endeavour to improve the mode of making thera. Wo have no^ 
yet succeeded — -joints still go bad ; and twelve or fourteen months 
ago Mr, Bell suggested that instead of making tlie joint with laye^ 
upon layer of gutta-percha we should try what could be done with' 
paraffin. Mr. Bell made some joints, and from our experience of 
them up to the present they have turned out very well. These 
three particular joints were made merely as specimens for inspec- 
tion. Tliey have been knocking about at the Gloueestei- Iloa^ 
Stores, and within the last few days have been mrefully tested by 
the accumulation and other tests and found to be as perfect as o^ 
the day on which they were made. 

I may in the first instance explain that the two ends of thflj 
gutta-percha wire are brought through two holes bored through ) 
small piece of wood, and the copper wire being exposed is simplj 
twisted, lapped up, and soldered. Tliis zinc tubing is then pal 
over and then melted parafBn is poured in. In order to givqt 
this system a thoroughly good practical test — for in all tlieso 
questions the real test is in practice — at Mr. Culley's request I hni 
several of these joints applied to the street-wires in Bristol. Forty- 
five wires are laid through the streets of that town ; but, instead of 
adopting Mr. Bell's original idea of using zinc tube, we took 
a piece of birch boarding, 3 inches by 2, in which we bored 
ten holes, till they came within half-an-inch of the bottom of tli6 
wood. The holes were five-eighths of an inch in diameter. The 
wires were then brought through, tivisted, soldered, palled back 
again, and then the melted paraffin was poured in. Well, this wu 
carried out, and at first it answered perfectly, but after a tinia 
fault after fault occcnrred, and careful tests showed them to be at 
the very spots where these joints were made ; so we were obligea 
to take them away and carefully examine the cause of failure, 
Yon often learn a groat deal more fi-om failure than from success, 
and the very failure of these joints has tended really to impart con- 
fidence in the use of paraffin for this purpose, because the failoi^ 
has been proved to be attributable to the simplest possible 
In point of fact, the cause of failure was owing tn the applies* 
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tion of too great a beat in melting tho paraffin ; tlie gutta-percha 
it.aelf was burnt, air-bubblea formed inside the gutta-percha, and by 
making it too soft the wires had become eocentricj and the copper 
wire was found to be in contact witii the wood sides. Series of 
experiments have proved that theae faults ai'e easily remedied— 
first, by a])plying a heat to paraffin under 200°. Tlie melting or 
liquefying point of paraffin being about 180°, a heat of about 200° 
will bring it into that plastic liquid state in which it can witli ease 
be poured into these tubes or lioles, and ao form a solid mass round 
tlie joint. The great defect with tlie pieces of wood was the slow- 
ness with which the paraffin cooled, so that we have abandoned the 
idea of uaing wood blocks, aud we have determined to substitute 
Mr, Bell's original idea of employing zine tubes. The experi- 
ments are going to be repeated at Bristol, and the form wg 
intend to adopt is as follows : — At the extreme end, the two 
wires are brought up and the copper wire is twisted up and 
soldered; a tube is placed over that, and then paraffin, which has 
been liquefied at a heat not exceeding 200°, ia poured in. Tlie 
joints when made in this way quickly solidify, and I have bad 
some specimens brought here which can bo inspected after the 
meeting. This is, as I bavo said, simply an experiment, which up 
to the present has hitherto failed, bnt its very failure gives us hope 
of ultimate success ; mid having described the experiment that we 
are about to make, perhaps on a subsequent occasion, when the 
subject of joints is again brought before tlie Society, I may have 
the pleasure of giving you the results of our continued experience 
at Bristol. 

Mr. WiLLOUGHBV Smith : I do not know that I have any more 
to say on this subject. With regard to the mechanical joint re- 
ferred to by Mr. Bell, I don't see what advantage there would be 
in again using such a joint for subterranean lines. It was simply 
an easy arrangement for disconnecting wire, for testing and other 
purposes, and necessitated two joints being made when only one is 
now required. With regard to the jointing of the subten-aneau 
wire, if I may judge from what I saw at one of the test-boxes in 
the City a few days since, no improvement has been made. In 
fact, the work was being done in a more dirty and slovenly way 
than ever it was. 
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Mr, Fleetwood : With reference to the meclianlcal joint 
described bj' Mr. Bell, I remember, soon after the transfer of tlief 
telegraph to the Post Office, the wires of the late London oiid 
Provincial Company, particularly in tho City, were continually 
getting wrong. Wlieu tests were made it waa found that tha 
whole of the wires of cerffun sections were bad. Some of the flush- 
boxes were buried, and when they were opened we found the wirea 
connected by the mechanical joints ; when these were cnt ouB 
many of the wires proved to be good- 

Many of these joints were taken out, and wires, which were 
reported to be useless, brought into use and still remain good. 

Some of tlie wires in Cheapside, I may say nearly the wliole 
them, were bad between the west end corner of Cheapside and tho 
corner of the Kew Post Office, and had to be replaced by a neff 
cable; probably these faults were owing to a box being buried 
under the asphalt*. 

As regards the joints in the street work of London, I will not 
say they are as good as they might be, or ought to be, but I do not 
think they deaen^ed to be condemned to the extent they have beeni 
I have been in the habit of testing street wires, and have found 
the average insulation is something like 12 megohms per mile; thirf 
is quite equal to work the lines. The insulation of the overgroond' 
lines is far below tliis. Wo endeavour to keep the underground^ 
wires to this standard by continually testing. When we a 
wire is getting low in insulation a loop test is taken and the fanfr 
traced. Sometimes it is a bad joint, but it is not so often in ti* 
joint-boxes as in the pipe, and is in that case probably caused 
lightning. 

I quite agree with Mr. Wiliougbby Smith that tho present mode 
of making joints is a very rough one, and that very littJe improve- 
ment has been made. I hope what has been said here vrill lead 
those in power to have more care exercised. When the same care. 
is taken in undergroimd linos as in submarine, I have no doobt: 
our wires will test much better than they do now. 

Major Webber : I may remark that the condemnation of ths 
present system of jointing with gutta-percha wire, has I thinl 
arisen niaiidy from the fact that an enormous number of jointe ni* 
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made by meu incompetent to make them properly. In tliat way 
the system of jointing to wiiich Mr, Willoughby Smitli refers has 
been brought into diBcredit, becanse tlio joints which have tQrne<l 
out bad have been 8upp<j8ed to be made iu that way, and were not. 
I have seen some hundreds of joints cut out which liave been 
made in gntta-percha-covered wires at various times by so-called 
jointers of different Telegraph Companies. I think the system of 
making joints under Mr. Bell and Mr. Fleetwood is the best of 
anything yet employed iu land wires, and the failures have been 
oliiefly in eases where it lias not been possible to send a jointer to 
make the joints, but a mere tyro, who thinks it is enough to wra]) 
a piece of gutta-percha tissue over the wires, heat it, and press it 
on. This has brought them into discredit. I atill think Sergeant- 
Major Matheson's joint is the best ; it is most easily applied, and 
gives insulation equal to the beat joints in the London street wires. 
Of course, It is desirable that a better system of jointing should 
be found out, but I think the improvement will be in the direction 
described by Mr. Preece — that is, a joint ma<Ie in a more simple 
manner, and it may be possible to make it by means of men who 
do not require that excessive co-efficient of dryness of hand and 
good health which Mr. Warren has mentioned as being necessary 
to produce a good joint that will last as many years as the percha 
with which the wire is covered. 

Mr. A. J. S. Adams : Some years ago I noticed a jointer at 
work imder a small poi'table tent, whereby the gutta-percha wires 
and appliances were kept entirely free from wot and grit. This I 
think could be easily done in a great many cases, no doubt much 
to the improvement of the work, and the joints thus made would 
be moi-e perfect than could be made under the leas favourablo 
circumstances. 

Captain McEvor: I have had some little experience in joint- 
making of telegi-aph wires and for the most part with mechanical 
joints- I am myself the inventor of three or four different forms 
of mechanical joints, and I hope I shall not be considered egotistical 
when I regard them as an improvement upon Sergeant -Major Mathe- 
son's joints. They are in the same direction. It appears to me 
that the objection to meehunical joints in their application to lan<l- 
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^M wires would be their expense. Tlie mecliaiiical joints I refer to 

^K are not yet produced at a cost of less than 2s. each, which is about 

^M the lowest price at which we have fumislied them, and then only 

^1 for very small wires. The expense is, I think, the priucipal objeo- 

^^ tion against tlic mechanical joints. In other respects they have 

^B many advantages over eitlier the solution joints, which I believe 

^M apply only to india-rubber-coated wires, or the common means of 

^M cementing the gutta-peroha in the case of gutta-jiercha joints, 

H The Chairman : We owe our beat thanks to Mr. Mance, not 

^1 only for the interesting paper he has communicated on this subject, 

^H but also for the interesting and instructive disoussion which that 

^M paper has elicited. I have httle doubt this subject (than which 

^V perhaps there is none more important in connection with telegraphy) 

^M will benefit very considerably by tlie remarks that have been elicited. 

^M I have been, personally, ranch interested in what Mr, Preece and 

^M Mr. Bell told us in regard to the employment of paraffin as a rapid 

^m and very effectual method of jointing, and I look upon it myself 

^B very happily. Experience in the use of this material for jointing 

^M woidd seem to point in the direction of not using a lugher tem- 

^P porature than is necessary ; and it is to be hoped tliat considerable 
changes of temperature will not affect this description of jointing. 
Ozokerit, which is a natural form of paraffin, melts at a considerably 
higher temperatiire than ordinary paraffin, and may be somewhat 

H less ready of application, though I do not conceive any practical 

^M difficulty could arise in this respect. I may mention that I can 

^B confirm what Captain Anderson has told us, first, with regard to the 

^M efficiency of the mechanical joint constructed by Sergeant-Major 

^B Matheson, and since improved upon by Captain McEvoy, and also 

^m that joints prepared witli the aid of india-rubber solution ai-e equally 

^M applicable to gutta-percha joints. 



The vote of thanks to Mr. Mancc was unanimously passed. 



The following papers were then read^ 



EXPERIMENTS CONDUCTED FOR THE PURPOSE OF 
ASCERTAmiNG WHETHER THE TEREDO BORER 
PREFERS GUTTA-PERCHA TO INDIA-RUBBER. 

Henrt C. Mance, 
Government Telegraph Department, Persian Gulf. 

Having received inatruetions eai-Iy in 1874 to Bubmergo some 
pieces of" cable in the Kurrachee Harbour to ascertain, if poasible, 
whether india-rubber was as liable to the attacks of borers as 
gutta-percha, the following experiments were made by mo for the 
purposes of obtaining the desired information. The results are 
communicated, by permission, for the information of the members 
of the Society of Telegraph Engineers. An inspection of the por- 
tions cut out of the experimental pieces will, 1 think, be fomid 
-^^ery interesting. 

k The pieces laid in tlie harbour for trial were as follows: — 
B- 1 length of bare gutta-percha core. 
1 length of bare india-rubber core. 
1 length of Persian Gulf gutta-percha cable. 
1 length of Persian Gulf india-rubber cable. 
One of the sheathing- wires had been removed throughout from 
each of the pieces of cable, so as to allow of the borers reaching tlie 
india-rubber or jjercha through the intermediate serving without 
iculty. 

The length of each i>iecc was nearly 200 yards, and thoy all 
[.iested good before submersion. They were laid in the immediate 
ieinity of each other, and, to make the conditions of trial as equal 
as possible, the bare percha core was lashed alongside the piece of 
gutta-percha cable ; the bare india-rubber core was also lashed to 
the india-rubber cable. 

tOn recovery after a submersion of nearly ten months, the only 
ece which tested good was the length of india-rubber cable; the 
her three were bad from the following causes ; — 
The core of the gutta-percha cable was riddled by borers, the 
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conductor being exposed in most cases; there were probably a 
Iiuiidred perforations in this piece, the teredo usually approach! 
the core tlirough the space caused by a missing guard. 

The length of bare gutta-percha core laid alongsido tlio foregoing 
piece had but five borer holes in it; it was otherwise uninjured. 
the barnaeles grow round gutta-perch core, adapting themselves to 
tlio form of the core without cutting into it to any dangerouB 
extent. 

The ])iecG of bare india-rubber core had not a single borer 
ffiration, but was found to contain a numbei' of very remai'kable 
faults towards the end which had rested in shallow water. The 
rubber was notched as neatly and regularly as if the injury bad 
been done wilh a sharp knife, but iu a few instances the piece of 
india-rubber was found remaining in the notch, the conductor 
being in nearly every case exposed. In the neighbourhood of these 
faults the core was thickly covered with barnacles, and it ia possible 
that these peculiar injuries have been caused by some marine 
animal feeding on the barnacles, which attach themselves to tJie 
core, and which I understand are greedily devoure<l by fish. Tlia 
barnacles adhere so tightly to india-rubber that it would bo 
diificult for a marine animal to remove them without tearing away 
a portion of the rubber- 
Bare india-rubbor core is more susceptible to injury ironi 
barnacles than bare gutta-percha. As tlie bai-naclc grows, tha 
base of the shell cuts into tlie yielding rubber, a second shell 
attaches itself to the side of the first, the growth of the circ 
ference proceeds towards the conductor, and eventually the sharp 
edge of one of the cluster reaches the copper wire. 

The piece of india-rubber cable tested perfect ; but on examina- 
tion, after stripping off the guards, about a dozen marks wen 
discovered, showing that the borers hud been at work. In n( 
ease, however, had the teredo succeeded iu penetrating to the 
conductor. Many of the borers in the gutta-percha were still 
alive; but, not having been fortunate enough to secure a liviiij 
specimen iu the india-rubber, I am unable to say if the teredo was 
still at work at these marks. 

Briefly to sum up tlic results of the experiment :-- 
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Gutta-percha or india-rubber core, without any covering, is uot 
80 liable to damage from borers as core partly protected by imper- 
fect shoathing. 

Bare iudia-rubber core is liable to damage from baruacles to a 
greater extent than gutta-percha, in consequence of its yielding 
nature ; but, on the otlier hand, the teredo will attack bare percha 

id usually leave bare india-rubber untouched. 

GuHa-percha cable, the sheathing of which is much corroded or 
■imperfect, so that tlie guards do not rest closely together, is utterly 
unfit for localities infested by the teredo. 

Although it appears cleai-ly proved that india-rubbor core, either 
unprotected or protected, is very much leas liable to the attack of 
■the teredo than gutta-percha, the experiment is not sufficiently 
to show whether borers would succeed in perforating 
india-rubber through to the conductor of a cable, if submerged for 
period than ten months. To decide this point a short 
of old india-rubber cable with defective sheathing has now 
for some time been lying in the Kun-achee harboui'. 

Finally, only cable of which the sheathing is perfect should be 
laid where there is a chance of its being attacked by the teredo, 
and, so far as our experienco goes, india-rubber is less liable to 
injury from this cause tlian gutta-percha. 



CABLE BORERS, 

By G. E. Pheece. 

The following additional remarks have been made, in order to 
■nppleraent the information contained in Mr. Manee's paper, with 
ticulars of the damage done in other parts of the world by 

6 life to submarine cables. 

The first appearance of any damage done to a submarine cable 

appeared in the Levant cable, laid by Mr. Newall, who speaks of 

tlie destruction of tlie hemp by a species of " teredo." Mr. Sie- 

bmens screaks to the same effect, and says, " This cable, which was 
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laiil ill 1^58, and taken up n^in last summer (1859), was found 
tu bo beset by anotber enemy, in tlie sbapc of millions of small 
HbeU-fisb or snails, aceompanicd by small worms, whicb bad com- 
pletely destroyed tbo unsbeatliod bemp, and oaten some circular 
holes in the gutta-percha." Professor Huxley wrote, aa the result 
of bis examination of these shells: "The specimens you sent me 
remove all doubt as to the nature of the mischief-maker in the 
cable. It is a bivalve shell-fish, the xylophaga, closely allied to 
the ship-worm (teredo), but distinguished from it, among other 
pecuharities, by not lining its burrow with sheUy matter. Tlie 
xylophaga turns beautifully cylindrical burrows, always agaiust the 
grain, in wood ; and I have no doubt it perforated the hempen 
coatiug of the cable in the same way. On meeting the gutta- 
percha it seemed not to have liked it, and to have turned aside, 
thus giving rise to the elongated grooves whioli we see. Nothing 
is known, so far as I am aware, of the range in depth of the xylo- 
phaga, so that I cauuot answer your inquiry aa to whetlier it is 
probable that cables immersed in 600 to 2,000 fathoms of water 
would be attacked or not" 

In 1860 several portions of cable covered with hemp and steel 
wire were picked up in the Mediterranean off Minorca ; these were 
found in places, and up to deep water, very much attacked by 
xylophaga, the hemp between the steel wires being eaten away 
into holes, with the regularity and spacing of those in a cribbage- 
board. As iu previous cases, the gutta-percha was penetrated to 
vai'ioua depths, but not more than the size of the shell-fish. It 
was generally considered that the xylophaga did not penetrate, 
owing tn its dislike to gutta-percha ; but some persons at the time 
thought there was a great deal of doubt about the point, for there 
was no sign along the groat length of cable so damaged of any 
dislike, the main sign being tiiat there bad been no time for further 
penetration. 

Subsequently some specimens were forwarded from Norway, 
giving the usual marks of a borer. 

These marks have been noticed in many of the cables in tbo 
English Channel ; the French Atlantic cable oft' Brest, and the 
Anglo-AmcriL'iin off Videntia, boar similar marks. 
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In tlie repairs lately executed to the Key West anil Puuta Raca 
cable the teredo was again visible, and it may be assumed that 
various kiuds of borers may be met with all over the world. 

There are apparently different kinds of borers, for tho results 
appear very different. In the lie nip- covered cables of tho Medi- 
terranean the borer appeared of tlie nature of a bivalve shell, 
ivitli an auger-mouth boring straight into the core. lu the cables 
round the United Ejngdom, as well as those on the Norwegian 
coast and the Atlantic, the borer ajipoars to be more liko the 
" teredo ;" it makes a small hole, and then scores along the gutta- 
percha. No penetration beyond the surfitce is noticed, and it 
\vould appear that this worm enjoyed the hemp, occasionally trying 
the gutta-percha, wliich does not seem to its taste. 

The specimena from the Persian Gulf are again of a different 
form, and show a most vigorous enemy, for the penetration of tlie 
gutta-percha to the conductor is a matter of short time, whilst the 
hole made is perfectly circular and very large. 

Hound the English coast there is a small borer, which, where it 
can got at the cable, penetrates direct to the condnctor, and pro- 
duces a fault. In the cables across the Irish sea to Wexford and 
Dublin these " borera" have been met, but on the Welsh side. 

During some repairs to the Holy head-Dublin cable it was noticed 
that " at about six miles from Port Crugmor (the landing-place) 
at every broken wire and open place in the sheath all the inner 
hemp serving is completely eaten away by worms, leaving the 
percha core exposed, which in one or two places is scored from tho 
same caase." 

At other [loints the gutta-percha was found pierced directly in- 
wards, and 11 small worm found in each hole. At the same spot 
the hemp was found eaten away, and two or three difFerent varie- 
ties of worms were noticed. Fortunately, some specimens of these 
(were obtained, and preserved in spirit. When they were brought 
^to London, Mr. Culley, of the General Post Office, forwarded 
some specimens to Dr. Carpenter, F.Il.8,, a gentleman well known 
for his investigation into marine life, for examination and repoi-t. 
With Ml-. Culley's pennission I aju enabled to place this report 

sfore you. 
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University of London, Burlington House, W. 
January 26th, 1875. 

Sir, — I exceedingly regret the delay which has occurred in my 
reply to your communication of the 27th November last, with 
reference to the marine animals by which the telegraph cables are 
attacked. 

Had I relied on my own judgment alone, I should have been 
able to answer you at once, as I thought that I recognised all your 
specimens as types with which my marine researches have made 
me familiar. 

But in a matter of such importance I judged it better to obtain 
a corroboration or correction of my own judgment from the 
naturahsts who rank as the highest authorities in this country on 
(1) marine worms and (2) crustaceans. 

Dr. Mackintosh, who is now bringing out a complete work on 
the marine worms of Great Britain, and who is extremely con- 
versant with their habits as well as with their form and structure, 
recognises three types, lepidonotus equamatusy evarne imfar^ and 
nereis pelagica^ all well-known British forms, and says, '^ I agree 
with you in acquitting them of all share in making the perforations 
in the coverings of the cable. They had only been lurking (after 
their wont) in the holes made by other forms." 

The Rev. W. M. Norman (whose letter I only received this 
morning) agrees with me in identifying the minute crustacean as 
the limnoria lignorum of Eathkc, known to British naturalists as 
the limnoria terebrans. This is a most destructive creature, whoso 
ravages have long been a source of great injury to the woodwork 
of piers, bridges, harbour works, &c., often erroneously attributed 
to the boring of the teredo. A full description of its structui'e 
and habits was given by Dr. Coldstream in the " Edinburgh New 
Philosophical Journal," vol. xvi. p. 316. 

Clearly, therefore, it is the limnoria that does the mischief to 
your cables. As its ravages were long ago noticed at Dublin 
it must be an old inhabitant of the Irish Sea. It is so small a 
creature that it would easily make its way through any fissure left 
by the separation of the wires of the iron sheathing ; and it would 
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seem to me tliat the overlapping copper riband of the Messrs. 

tsmetiB would afford a surer protectiou. 
Trusting tliat tliis report will bo satisfiictory to you, 
Irem.;,,, 
Your obedient servant, 
("Signed) William B. Cakpenter. 
t S. Cnlley, Esq, 
I cannot, fiowever, help differing from the opinion expressed 
ative to the other worms. It is true tliey do not penetrate the 
gutta-percha, but they unquestionably penetrate tho cable and 
destroy the hemp. The holes made by tho limnoria are small 
and weU defined, and caji be of no aasiatanoe to their larger 
bretlu-en. 

A short description and sketch of tho limnoria is given by 
Dr. John Hall Gladstone, F.R.S., in The Argonaut, which runs as 
follows : — 

The Electric Telegraph cable laid across the Irish Channel was found 
to be working badly, bo a, portion of it which was suspected was lifted iiji 
from the bottom of tho sea j it was found that the gutta-percha covering of 
I tha wires had been perforated by many boles, such as we are accustomed 
to see in old timber. Now the object of the gutta-percha, as is generally 
knows, is to insulate the copper wire ; and, if at any point connection 
should be made between the metal and bo good a conductor as the water 
of the sea, there is no chance of the message raacbing the opposite shore. 
I believe none of the holes had actuaUj penetrated to the wire itself, bnt 
they came dangerously near it. Two small marine creatures were found 
in theee holes, and so suspicion rests upon them as baviog done the 
mischief. They have been properly prcservcil oil microscopic slides by 
Mr. O. E. Preece, of the Engineers' Department of the General Post 
Office. They are about one-sixth of an inch long, and when magnified 
arc seen to be small crustaceans, of which di-awings are annexed. The 
bead is furnished with at least fire pair of claws and other appendages, 
and logs resembling those of the lobster are attached to. the six first rings 
and the last ring of the body. I am told on good anthoiity that it is a 
small creature well known in shallow seas, and named limnoria terebrans. 
If this borer should acquire a strong taste for gutta-percha, wc can 

Iagine what terrible results may. be caused by the creature. One break- 
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fast that ho might make may be more costly than that of the most 
luxurious Roman epicure in classic times ; for he may destroy in a minute 
what will take thousands of pounds and a whole year to repair. 

I I 

NAT.SIZE. 






Upper side. Under side. Legs more highly magnified. 

There are other " cable-borers," which are most destructive to 
land cables in various parts abroad, where the matter has becoYne 
of a serious nature, as it is almost impossible to got wire to last in 
some places. 

Of the various forms of marine " borers," the teredo or ordinary 
worm appears only to touch the core and not penetrate, whilst the 
bivalve and the limnoria penetrate and do actual injury, the 
remaining forms, equally with the teredo navalisy doing an immense 
amount of damage to the hemp-serving wherever they can find 
an entrance between the wires of the sheathing. The slightest 
opening appears to be detected at once, and the rapid destruction 
of the hemp immediately follows. 

It is to be hoped that the introduction of this subject, one so 
interesting to the Submarine Cable Engineer, will bring forth 
further information from the members of the Society relative to 
those forms of animal life which are destructive to the durability of 
Submarine Cables. 

I append an interesting description of the teredo navalis extracted 
from The Colonies. 

Teredo is the name given by Linneus to a genns of testaceous or ace- 
phalous molluscs belonging to the family of the pholadidce. There are 
about fourteen recent species recorded by naturalists, of which three are 
inhabitants of the British seas ; and twenty-four others occur in a fossil 
state in various parts of the globe. Although the teredo is included in 
the same class of shelly animals as the oyster, the mussel, and the pecton, 



■^casnal obseiTer would, at first sight, traue but little rcscmblaiice bi;- 
tween the two forms. They are, however, closely allied anatomically. 
The teredo, like all the memb«rM of the pholas family, is a borer; aud 
the ravages it commits upon submerged timber have been the cause of 
drawing towards it a. larger amount of interest than so obscure an animal 
would otherwise obtain. Let our reader picture lo himself a Mud of 
worm of a greyish colour, sometimes a foot in length, and six or eight 
lines in diameter, one extremity of which terminates in a sort of rounded 
protnberance, whilst the other is like a biftircated tail (fig. 1 ). Such is the 
aspect of the teredo when removed from its tube. The rounded portion 
is inclosed by two small shelly valves (fig, 2), which pi'Otect only a trifling 
portion of the body properly so called. The hver and the ovaries lie in 
contact with one another, very far 
back, and behind the shell, whilst 
the branchisj are placed in the 
posterior part of the body. The 
mantle, forming a sort of fleshy 
ease, envelopes all the viscera, and 
afterwards divides into two tubes 
or siphons at the extremity, which 
the animal extends or contracts 
at will. One of these tubes serves 
to introduce the aerated water 
which bathes the branchiaj, and 
curries to the mouth the organic 
molecules which are necessary for 
the nutrition of the animal, whilst 
the other throws off the exhausted 
wilier, which collects in its pas- 
sage the residua of digestion. 
Attached to these tubes are the 
two flattened si phonal pallets. 
These, when bronght together, 

sliut up the orifice, and inclose -^ „ ^^^„ Morvegica 
the two coatracted lubes withia it. its borrow. S. Valves of 
After having attained their adult ehellj pullets of do, 
state, the teredos live a secluded 

galleries they construct for tliemseUes within the submerged 
ler (fig. 4) on which they first commence their attacks when leaving 
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the brancliiiu of tlio motlicr. These galleries they lino with a deposit < 
calcareous matter which fomis the tube or protecting shell of the animiu 
each animal being iude])eui3eiit of its neighbour, theic burrows having n 
communication with one auotier. This circumBtance at one time c 
the teredo to be classed amongst those creatures which have the sesa 
combined in the same individual; but such is now discovered not to b( 
the case, and, notwithstanding the cenohito life of the otherwise gregarioni 
" shipworma," they consist of two distinct sexes. At a certain perioc 
the females emit their eggs, which are arrested within the folds of t 
respiratory organs. In this singular nest the eggs are hatched, ai 
remain for a short time under a different form to that which they sn 
sequently neqtiire. At their last metamoiiJiosis they become free, ai 
float about in the watei' in search of the first piece of wood that preseutl 
itself, to commence life on their owu account. 

It has been siiggested thut the common species, teredo navalis, which 
now unfortunately swarms in onr Northern seas, was originally intro- 
duced from u wanner region. However that may be, the ravages of tlu«' 
apparently insignificant mollusc are terrible. When we examine it* 
fragUe shell, semi-transparent tissues, and soft body almost incapable 
motion, we can hardly conceive that the teredo is a creature to be feared } 
and yet it is, in reality, one of the most foi-midable enemies of man. 
attacks wood under water much in the same way as the indefatigable 
lermis, or "white ant," attacks it on land; it does not content itself 
with a siiperficiiil station, but seeks a secure retreat within the logj 
aud, where once these hidden destroyers take up their residence, they 
soon honeycomb, as it were, the solid oak, reducing the Umber to ft 
mere shell. In former times, before the practice of coppering tho 
bottoms of ships became general, many a stately vessel fell a sacri- 
fice to their silent ravages ; and about the middle of the last century 
fears were entertained for the safety of the kingdom of Holland, one- 
half of which was nearly engulfed in the waves, in consequence of tlufl 
piles which support her enormous dykes having all been under 
and riddled by the teredos. Mr. Thornton has put on record an inle- ' 
resting account of the rapidity with which these molluscs destroyed 
the woodwork in the harbour of Port Patrick; and, later on, flit 
Teignmouth Bridge, in Devonshire, fell a sacrifice to their rapaoilj. J 
On every coast where there is any submarine woodwork not el 
ally protected by artificial moans from the attacks of the teredo^l 
there wilt the busy creature be found plying its inevitable task, snl'l 
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^Rttdoiug, in its own silent nnil myf^terioiis wiiy, tlie iiiihisti-y of mnnkinti, 
The rapidity of its growth, and the destnictive swiftness with which it 
works, are scarcely credible. A piece of deal, after a submersion of only 
forty days in one of the royal dockyards, was, so Sir Eyerard Home 
relates, completely riddled by teredos, some of the creatures Laving 
attained a considerable size. In the short space of foin' years solid oak 
piles in the Plymouth dockyard, which had been iindor water, were 
found to be so perforated that they had to be replaeed with new ones. 
In an interesting account of his observations on the anatomy of the 
teredo. Sir Everard Homo throws some light on its method of boring 
into tho hard timber in which it constructs its burrow. He tells us he 
noticed that a part of the animal which was inclosed between the two 
concave boring sheila was exposed in the centre ; and that from tho 
middle of this exposed part projects a kind of proboscis, which, in the 
living animal, had a vermicular motion ; its extremity being covered by 
a cuticle not unlike the cornea of the eye. On removing this the cavity 
immediately beneath it was found to contain a hard brown-coloured 
gelatinous substance. Sir Everard remarks, that, as this proboscis has 
no orifice, there is reason to believe that it adheres to the wood, acting 
as a centre-bit, while the animal at the same time is at work witli 
the shell, and thus the canal in the wood is perfectly cylindrical. 
Woodward tells us the operations of the teredo first suggested to 
Bninel his method of tunnelling the bed of the Thames. To effec- 
tually preserve all submerged wooden structures from the depre- 
dations of the " shipworm " has long been the study and aim of the 
architect and engineer. Our ships are now rendered secure by being 
bottomed by n sheathing of copper or Muntz metal ; but this method is 
not so applicable to structures erected in the sea, such as piers, jetties, 
and the like. The only certain way of preventing the attacks of the 
teredo npon submerged piles appears to be by covering all the parts 
which are continually beneath the surface of the water with short, broad- 
headed iron nails. The action of the sea-water on these nails produces a 
strong coating of rust, which is fatal to the young teredo, and is said to 
be even superior to a copper sheathing. Tliat ingenious French naturalist, 
M. de Quatrefages, suggests a jdan by which to get rid of these marine 
pests by destroying them in the egg ; in fact, to " prevent their birth." 
To attain this object, he says it is sufficient to dissolve in the water 
which the mothers respire an infinitely small quantity of any salt of 

^Bvcury, lead, or copper. He fnrtbrr remarks: — "To presci've the 
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submerged wood of our marine docks and wharfs it is therefore only 
necessary from time to time to throw a few handfols of these salts into 
the surrounding water. Fecundation would thus be entirely arrested, 
and the eggs would perish before they were developed, and consequently 
the species would be completely exterminated in our harbours and docks 
in the course of two or three seasons." From experiments recently 
made, it would appear that timber long macerated in a solution of corro- 
sive sublimate is proof against the perforations of the teredo.— TAe 
Colonies. 



The Chairman : The subject with which these two papers deal 
is not only very interesting, but very important, and, I must add, 
most serious, and any observations which will make us better 
acquainted with the dangers we have to deal with, and the par- 
ticular method of guarding against these ravages, will be of great 
importance and interest. 

Mr. Adams : I did not understand whether both the male and 
female insect bored ; and it would be interesting to know whether 
the boring is done for food, or for the purpose of propagation. In 
tlic Black Sea a copper tape-covered cable, was, I believe, laid some 
years ago by the Indo-European Company on account of these 
marine insects, but whether the copper really preserved the cable 
I cannot say — perhaps some member can say if the insects there 
found were of the same description. I have heard that the Black 
Sea is well known as containing these insects. 

Mr. Warren : There is one source of mischief to cables from 
marine life which, I believe, is a novelty, at least I am not aware 
of any similar instance being recorded. During the laying of the 
cable between Para and Cayenne, the cable was buoyed about 
thirty-five miles from Cayenne, for the purpose of attaching a 
T-piecc junction towards Demerara. When we proceeded the next 
day, after completing the section from Para to Cayenne, to form a 
junction to connect it with the Demerara cable, and picked up the 
buoyed end, we found the cable had gone down in insulation iron 
a fault which, by tests, we localised to be about 126 miles from 
Para. Wc had to lift it for repairing, and within a length of thirty 
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miles we found no less than sis fmilts, each of which contained 
fragment of a bony nature, which wo supposed were caused by 
tlie bitfl of some marine animal, as tho teetli were left in the cable. 
As these faults appeared aft«r the cable was laid, we could not 
explain how a fisli could attack a cable in this way. 

We removed these faults and the cnblo was tlien as good as ever. 
Wo went out there again at the beginning of the present year, 
when we found the cable faulty again at the same place, or about 
129 miles from Para, and hero we found two faults similar to the 
former ones, and produced by the same means and in the same 
way. We subseqiieutly had occasion to go to the same spot again 
in July, when we picked up three more faults within 150 miles of 
Para, In one fault there was found a very large piece of hard 
bony substance, about an inch and a-lialf in length, the part in the 
cable measuring something like an inch round. We wore at a loss 
to account for these faults at first, or to identify the tooth or tusk-liko 
instrument with that of any fish we had seen, but when we got to 
Demerara we had no hesitation in attributing it to the teeth of the 
saw-fish, which exists plcntifiilly in tho water along the more 
northern portions of the Braiiilian coast. Photographs of these 
faults were taken, which I should like to have laid before the moot- 
ing. I think it is a curious fact, and one not without importance 
to Telegraph Engineers, for there is no doubt but that these faults 
are confined to a given portion of the cable. Since last August 
another serious fault was localised about 130 miles from Para. 
These fish are known to inhabit that portion of the water, and, do 
what we will to remove the faults, they are sure to occur again. A 
heavier clad cable, only a few miles nearer to Para, has never been 
found to he so attacked. When we have been working on this 
cable, we have found a description of black wlialo in the neigh- 
bourhood of these faults, which, wo are informed, are objects of 
attack by these saw-fish ; and we were informed that the smaller 
kinds of these fish were so plentiful that at high spring-tides, 
when the sea washes over the embankments at Demerara, a large 
number of the fish are left by the receding tide in the trenches of 
the plantations. 
^K The Seoketart : One of the Eastern cables was injured in the 
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> way. I have soon speoimons of tlie MocliteiTanean calilfl 
bitten bv fthnrks, witli tho l*ctii remaining in. 

Mr. Wabren : We supposed at first that tlieae faults were occa- 
sioned by the bites of sharks, having fallen in with several of them, 
but the teeth of that fish are close together, so that it was im- 
possible to get the toetli between the ironwork of the cable. In 
this case the teeth were left in the cable between the iron casing 
and the core. The greatest depth of water at which we found 
faults of this kind was seventy fathoms, but the average depth was 
about forty. 

Mr. WiLLOUOHBY Smith : With reference to these boring 
insects, I think the cause may be traced to the fact, that in the 
early cables tho serving was saturated with a mixture of tar 
and tallow, and probably that may have been the attraction. A few 
years ago the core of the cable laid from Dover to Calais was 
found to have been injured by a small insect resembling a wluta 
maggot, with two very prominent black eyes, 1 believe that is the 
only instance in which that cable has been so injured. Where those 
its were found, the iron wires had been destroyed by age, and 
tlie serving becoming exposed they had attacked it vigorously, 
whilst some more venturesome than the others had bored into the 
gutta-percha, and, in two instances, had reached the copper wire. 
The experimental line laid in 1850 had no serving or other cover- 
ing over the gutta-percha, and in no instance in the many lengtlis 
of that line which have been recovered at various times have there 
been any signs of the gutta-percha having been attacked liy 
insects. 

The Chairman : It appears to me that there is considerable pro- 
bability of the correctness of the remark of Mr. Willougliby 
Smith, that the casing of cables with hemp and tar attracts the 
Uninoria and other destructi\'e insects wjiich appear to be very 
prolific in the Irish Sea. These insects appear to have a liking for 
gutta-percha, and they bore straight to the conductor, as is seen 
from the specimens sent by Mr, Mance. India-rubber, on tho 
other hand, certainly appears to be free from that species of attack, 
while the gatta-percha specimens show that the insulating medium 
has been injured to an extent to give rise to serious mischief, and 
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that great attention is requisite for the preservation of gutt«i- 
percha cores against these attacks by proper armouring. I have 
now to ask you to return your thanks to Mr. Mance and Mr. 
Preece for these very interesting communications. 

The vote of thanks to Mr. Mance and Mr. Preece was 
unanimously passed. 



The following Candidates were balloted for and declared duly 
elected : — 

As Foreign Members : 

Dr. F. Dehms. 
F. C. C. Nielsen. 
C. 0. Sonne. 



As Members : 



As Associates : 



G. Bird. 

Capt F. W. Heneage, R.E. 
Lieut H. P. Nicholles, R.E. 
Lieut. E. F. Rhodes, R.E. 
Lieut. H. Rawson, R.E. 
Sir David Salomons, Bart. 
W. J. Wilson. 



F. Jacob. 

E. Applegarth. 

A. Peters. 

W. D. Smallpiece. 

W. F. Nosworthy. 



The Meeting then adjourned. 
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The Fortietli Ordinary and Fourth Annual General Meeting was 
held on Wednesday, the 8th December, 1875, Mr. Latimer 
Clark, President, in the Chair. 



The President announced that the Ballot for President and 
Members of Council and Officers of the Society for the ensuing 
year would take place, and be closed at half-past eight o'clock. 

Messrs. A. Bell and R. von Fischer Treuenfeld were appointed 
Scrutineers. 

The Secretary then read the Annual Report from the Council as 
follows : — 

ANNUAL REPORT FOR THE YEAR 1875. 

As the present is the Annual General Meeting appointed by the 
Society's Rules to receive the Annual Report, your President and 
Council have now the pleasure of informing you of the operation 
of the Society during the past year, and of its present state. 

The same kindness and privilege shown to us by the Listitution 
of Civil Engineers during the three previous years of our meetings 
has been extended in an equally kind and handsome manner 
throughout the present year, and the thanks of the Society are 
again largely due to the President and Council of the Institution 
for their continued good wishes and help. After the previous 
Annual General Meeting the thanks of this Society were communi- 
cated to the President and Council of the Institution, and Members 
will be glad to know that the parent Institute is gratified at the 
rapid increase of the Society. 

The numerical progress of the Society still continues in a very 
satisfactory manner, the following being the actual additions during 
the past year, inclusive of those gentlemen to be balloted for 
to-night. 
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Foreign Members 
Members 
Associates 
Students 



1876. 


1874. 


41 


24 


25 


17 


47 


76 


2 


8 



115 126 



From these figures it will be noticed that there has been a large 
increase in the number of Foreign Members during the past year 
as compared with the previous, showing that their acquaintance 
with the Socieiy and its objects is extending. The additional 
number of Members compared with 1874 shows an increase, whilst 
a decrease is visible amongst the Associates, showing how widely 
the Society has spread, and that necessarily there must be fewer 
left to come within its scope. 

Numbers elected in 1875. 



1874. 


To Dec. 8. 


Dec. 8. 


TotAl. 


4 - Hon. Members - - 


- 











81 - Foreign Members - 


- 


38 


3 


41 


202 - Members ... 


- 


24 


1 


25 


346 - Associates - - - 


- 


39 


8 


47 


15 - Students - - - - 


- 


2 





2 



648 103 12 115 

At the present time the total number of Members of all classes 
belonging to the Society amounts to 763, consisting of the follow- 
ing' classes : — 

Hon. Members - - - 4 

Foreign Members - - - 122 

Members - . - - 227 

Associates - - - - 393 

Students - - - - 17 

Total - - -763 
Against 648 of 1874. 



during the preceding years, 1874, 1873, 1872 ; the time being atl 
the Annual General Meeting or the end of tlie year : — 1 

List of Membebs, &<s. 1 


Honornry Members . 
Foreign „ . 
Members 
Associates 
StndentB . 

Totals . 

Increase 


1873. 


1873. 1874. 


1876. 187G. 1 



25 
155 
170 

2 


3 , 4 
57 81 
185 1 202 
270 346 

7 15 


4 
119 
226 
385 
17 


1 

122 ■ 
22? 1 
393 1 
.7 1 


.152 


522 648 


751 ! 763 1 




170 1 126 
296 


103 115 fl 

399 1 411 ■ 


During the year the Council regret to aunounce that the 
Society has lost by death two of its valued niembers. Amongst 
these are Mr. Charles Becker, who died early in the year, well- 
known to all, and one who was highly esteemed foi' his personal 
character and his great scientific knowledge. 

More lately still we have lost from our list the wide-world name- 

of Sir Charles Wheatstoue, to whom telegraphy and electricity ow^ 

so much. The Pi-esident has lately given you an interesting sketch 

of his life and works, and the Council can now only allude to tlw 

fact of hia death with the greatest regret, and grieve that he should! 

have been cut off at a time when his mental faculties were, in 

^L spite of Ilia advanced age, in moat active operation, giving con- 

^1 atantly to the world tiie benefit of how improvements. A vote of, 

^H condolence and sympathy was duly passed ta the family — whioh 

^H has been since acknowleilged. 

H There has been one name added to the list of Honorary 8ecre< 
^H taries during the year, that of Mr. John Aylmer, a Civil Engineer, 
^H resident in Paris, who has been elected as the Honorary Secretary 
H for France. The following is now tlie list of Local Hononii| 
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LOCAL HONORAKY SECRETARIES. 



John Atlmsb, 

4, Rue de Naples 

W. E. Atrtoh^ 

Professor of Natunl Fhilusophy, 
Imperial CoIl^;e, Yokohama, 
Japan 

Chablbs BimTov, 

Telegraph Engineer^ Baenos 
Ayres 



I FRANCE. 



JAPAN. 



; 



J. M. COLLBTTB, ^ 

En^eer of the Netherlands V NETHERLANDS. 
Telegraphs J 

Le Commandeor E. d'Amco, ^ 

Director-Greneral of the Italian > ITALY. 
Telegraphs, Rome J 

FR^DisRIC DSLAROBy "j 

Engineer of the Belgian Tele- > BELGIUM, 
graphs, Brussels J 

G. L. Mabssn, 1 

Great Northern Telegraph Com- > DENMARK, 
pany, Copenhagen J 

C. Nielsen, ^ 

Director-General of the Norwe- I NORWAY, 
gian Telegraphs^ Christiania J 

Colonel D. Robinson, R.E., ^ 

Director-General of India Tele- V INDIA 
graphs, Calcutta J 

Don Ramon Pias 1 

Director-General of the Chilian V CHILI. 
Telegraphs, Santiago J 
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The following gives a resumd of the various meetings held 
during the year : — 

January 13, — President's Inaugural Address. 

„ 27.— "The Heliograph of Mr. Henry Mance," by 
Charles Becker. 
" On Vibrations due to Earth-Plates," by James Graves. 
February 24. — " On Induction between Suspended Wires as 

affecting Automatic Transmission," by R S. 

CULLEY. 

March 10. — " On the Imperfect Contacts which occur in Signal- 
ing with rigid Contact Points," by Thomas A. 
Edison of New York. 
" Batteries and their employment in Telegraphy," by James 

SiVEWRIGHT. 

March 24. — Ditto, Ditto. 

April 14. — " Batteries," by Alfred Bennett. Discussion on 

above and Mr. Sivewright's Paper. 
April 28. — Adjourned Discussion on above. 
May 12. — " Battery Resistance Measurement," by Frederick 

Hawkins. 
" Earth Connections for Lightning Conductors," by Lieut- 
Col. Stotherd, R.E. 
November 10. — " On the respective Merits and Durability of 

Gutta-Pcrcha and India-Rubber Joints," by Henry 
Mance. 
November 24. — Adjourned Discussion on above. 

'' Experiments conducted for the purpose of ascertaining 
whether the Teredo prefers Gutta-percha to India- 
rubber," by JIenry Mance. 
'' On Cable-Borers," by G. E. Preece. 
December 8. — Annual General Meeting. 

" On the London Street Work," by Charles Fleetwood. 



The Annual Soiree of the President will be held on Tuesday, 
the 21st December, at Willis's Rooms, St. James's, when it is 
hoped a display of scientific instruments of novelty and interest 
will be exhibited. 
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Li addition to the above-mentioned Papers the Journal contains 
a series of Original Communications, and also numerous valuable 
Abstracts and Extracts. 

It has been considered desirable by the Council to bring before 
the Members a slight alteration in one of the existing rules. 

Rule 12 enacts that ballots shall take place at each of the 
Socieiy's meetings ; it is proposed that the ballot shall take place 
only at the first meeting in each month ; it is believed that this 
alteration will be beneficial. It is a practice carried out by almost 
every Institution. 

A resolution will be brought forward at the first meeting in 
January tx) make the proposed alteration a part of the Rule. 

The following notices were issued to Members before the com- 
mencement of the present Session relative to Papers and Com- 
munications and also as to the addition of Members : — 

Society of Telegraph Engineers, 

4, Broad Sanctuary, London. 

The Secretary is desired to bring before the notice of Members and 
Associates that the Society's usual Meetings will be resumed early in 
November, and that these Meetings are not held fortnightly, but on the 
second and fourth Wednesday in the month, due notice being given of 
the exact days of meeting. 

It is desirable that Members and Associates who are willing to con- 
tribute papers to be read during the ensuing Meetings should forward 
them to the Secretary at an early date, in order that they may be 
approved by the Council, and, when deemed necessary, printed for distri- 
bution, in order to invite discussion. 

The Secretary is also desired to call the attention of Members and 
Associates to the subject of " Papers " and " Communications," and to 
invite them to forward articles of both classes, in order that the interest 
of the Society and its Members may be maintained. " Papers " are 
deemed to be Original Communications of such interest as are worthy 
to be read before the Meetings, in order that the special points referred 
to in the Paper may be brought before the Members and Associates and 
discussed, so that the progress of Telegraphy may be advanced. These 
Papers, with their discussions, will be subsequently published in the 
Journal. 
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^' Gommanications " may be tenned Papers ou yarions new and 
interesting points which frequently arise in the e very-day working of the 
Telegraph, and which it is not only interesting but important that the 
general body of Members should know. Various forms of Communica- 
tions may be seen in the Journal. And the attention of Members is 
specially invited to the forwarding of sucli Communications, for it may 
be safely relied upon that the frequent publication —whether before the 
Meetings or in the Joumal^-of points new to Members which have been 
elucidated, will be of most material value to all Telegraph Engineers and 
to the progress of Telegraphy. 

Such Communications will be read before the Meetings as may be 
deemed desirable, and subsequently printed in the Journal. 

A list of subjects on which it is desirable that Papers should be con- 
tributed is attached. 

The Journal of the Society, containing the Proceedings, Original 
Communications, and Abstracts of Electrical and Telegraphic interest, is 
now published quarterly. 

GEO. E. PREECE, 

Secretary, 
November 2nd, 1876. 



SUBJECTS FOR PAPERS AND COMMUNICATIONS. 

On the Action of Radiation on the Electric Conductivity of Selenium. 

On Lightning and Lightning Protectors. 

On Duplex Telegraphy. 

On Duplex Telegraphy as applied to Submarine Cables. 

On Quadruplex Telegraphy. 

On the Action of Marine Life on Submarine Cables. 

On Surveying and Dredging to find Proper Routes for Submarine 
Cables. 

On the Durability of Submarine Cables. 

On Machinery for the Submersion and Recovery of Submarine Cables. 

On Cables for Rivers, Canals, &c. 

On the Localization of very Minute Faults in considerable lengths of 
Submarine Cables. 
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On the Manufacture of Iron Wire for Telegraph Purposes. 

On the Preservation of Iron Wire in the vicinity of Towns and 
Manufactories. 

On the Qauge of Wire for Long Circuits, and the Advantage of using 
Wire of a higher Conducting Material than Iron. 

On the Manufacture of Gutta-percha for Insulating Purposes. 

On the Manufacture of India-rubber for Insulating Purposes. 

On the Change of Insulation of Material, whether Gutta-percha or 
India-rubber, with Change of Temperature and Climate. 

On the Eesidual Charge or Polarization of Insulating Materials. 

On Electrometers, especially with regard to a Cheap Form of 
Electrometer. 

On the best System of laying Underground Wires. 

On the Maintenance of Underground Telegraphs. 

On Aerial Cables and their Insulation. 

On making Joints in Underground Insulated Wires, where a large 
Number have to be dealt with in the Open Air. 

On the Effect of Residual Magnetism, and of "extra" Currents on 
Automatic Telegraphy. 

On Automatic and Fast-speed Telegraphy. 

On the Relative Degree of Accuracy to be expected from Sound and 
Sight-reading (Morse), and on the value of the Morse Ribbon as a record 
in Cases of Error. 

On Efrvrth Currents, and the best mode of observing them. 

On Earth Plates in dry places and rocky localities. 

On Experience and Experiments bearing on the relative Constancy 
and Working Properties of different Batteries. 

On the Theory of the Galvanic Battery; with a Critical Review of the 
Evidence for and against the " Contact " and " Chemical " theories. 

On Electric Torpedoes. 

On Electric Exploders. 

On Induction Machines for the Production of Light. 

On Insulators of extreme perfection for Indoor Work and for 
Laboratory Experiments. 

On Induction in Overground Wires. 

On Line Insulators. 

On the Use of Living Trees as Supports for Telegraph Wire. 

On Geometrical Illustrations of Electrical Laws. 

On Field and Military Telegraphy. 

VOL. IV. 2 D 
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On Pneumatic Tubes as a mode of transmitting Telegrams. 

On Condensers of a Permanent Character. 

On Electricity as an Aid to Meteorology. 

On Electric Signaling on Eailways and in Trains in motion. 

On Electro-Metallurgy. 

On Thermo-Electricity. 



The Society of Telegraph Enoineebs, 
4, BsoAD Saxctuabt, London, 
November 2nd, 1876. 

Sir, — I beg to inform you that the first meeting of the Society for the 
ensuing Session will be held on Wednesday the 10th November, at 8*0 
p.m., at the Institution of Civil Engineers, when a paper on " The 
Durability of Joints in India-rubber and Gutta-percha Cables," by 
Mr. Heniy Mance, will be read. The subsequent meetings will be held 
on the following dates :— 

November 24th and December 8th. 

1876.— January 12th and 26th. February 9th and 23rd. March 8th 
and 22nd. April 12th and 26th. May 10th. 

A card of these Meetings is inclosed for your future reference. 

At these Meetings, according to Rule 48, — 

** Every Member and Associate shall have the privilege of intro- 
ducing one stranger, to be present at the Ordinary General 
Meetings of the Society, on writing his name in a book pro- 
vided for that purpose, or sending with him a card signed 
with his name, according to a form provided." 

These forms may be obtained by application to the Secretary. 

I would respectfully draw the attention of the Members and Associates 
of the Society to the " objects " of the Society. 

** The Society of Telegraph Engineers is established for the 
general advancement of Electrical and Telegraphic Science, 
and more particularly for facilitating the exchange of infor- 
mation and ideas among its Members." 

These objects may be fulfilled, firstly, by increasing the numbers uf 
the Society, and, secondly, by a greater exchange of infoniiation and 
ideas among its Members. 
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The following extracts from the Rules will draw your attention to the 
qualification of Candidates ; and I beg to inclose some forms in the 
3vent of your meeting with gentlemen desirous of joining a Society 
svhose spread has been so rapid, and whose numbers now approach 700. 

"MEMBERS AND OFFICERS. 

" 1. The Society of Telegraph Engineers shall consist of Members, 
Associates, Students, Foreign Members, and Honorary Members. 

" 2. Members. — Every Member shall come within one of the follow- 
ing conditions :— 

" (a.) He shall have been regularly educated as a Telegraph 
Engineer (according to the usual routine of pupilage),- 
and have had subsequent employment for at least five 
years in responsible situations ; 

" (b.) Or he shall have practised on his own account in the 
profession of a Telegraph Engineer for at least two 
years, and have acquired a degree of eminence in the 
same; 

" (c.) Or he shall be so intimately associated with the science 
of Electricity or the progress of Telegraphy that the 
Council consider his admission to Membership would 
conduce to the interests of the Society. 

** 3. Associates shall be persons of more than twenty-one years of 
age, whose pursuits constitute branches of Electrical Engineering, 
but who are not necessarily Telegraph Engineers by profession, 
also persons who are so intimately associated with the science of 
Electricity or the progress of Telegraphy that the Council consider 
their admission as Associates would conduce to the interests of 
the Society. 

" 4. Students shall be persons not under eighteen and not over 
twenty-one years of age, who are serving pupilage to a Telegraph 
Engineer, or who are studying Natural Science or Telegraphy, 
and are duly recommended by a Member. 

" 5. Foreign Members shall be foreigners residing abroad, engaged 
in, or intimately connected with, the practice of Telegraph En- 
gineering or Electrical Science, whose admission to the privileges 
of membership the Council may consider would conduce to the 
interests of the Society." 

2d2 
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The following extracts are with reference to the amonnt of fees and 
subscription :— 

" 24. Every Member shall contribute the sum of Two Guineas, every 
Associate the sum of One Guinea, every Foreign Member 
One Pound, and every Student Half a Guinea, annually to the 
Society. Honorary Members shall not be required to pay any 
contributions. Any Member or Associate residing abroad, or 
absent for nine months in the year, shall contribute the sum of 
One Pound annually. 

" 25. The annual contributions shall be payable in advance on the Ist 
of January in each year. 

" 28. Any Member may compound for his annual subscription by the 

payment, in one sum, of Twenty-one Pounds. An Associate or 

Foreign Member mav also compound for his subscription by the 

payment of Ten Pounds." 

I also inclose a form for transfer from the class of Associate to that 

of Member, as it has frequently been noticed that there are gentlemen 

whose experience, qualifications, and knowledge fully entitle them to the 

higher rank of " Member " of the Society. 

I would particularly draw your attention to the accompanying Circular 
relative to ^* Papers " and Communications," in the hope that during the 
ensuing Session the Council may receive from you some communication 
which may tend to the " General advancement of Electrical and Tele 
graphic Science." 

I remain, your obedient Servant, 

GEO. E. PKEECE, 

Secretary, 



THE RONALDS LIBRARY. 

This Library was, during the year, removed from Battle, the 
residence of the late Sir Francis Ronalds, to the Society's rooms 
at 4, Broad Sanctuary, where shelves and accommodation were at 
once found, and the books, numbering about 6,000 volumes, placed 
on the shelves. The books are not yet arranged in proper order, as 
it will be necessary first to complete the Catalogue. This Catalogue 
contains as many as 13,000 entries, and its preparation for the 
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printer is a work of some difficulty. The first sheet is now nearly 
complete, and will be shortly forwarded to Members with a request 
to establish a library fund. It is hoped that the books will be soon 
arranged in their proper places ready for reference at any time. 

The Council congratulates the Members on their excessive good 
fortune in the acquisition of so unique and valuable a library, and 
also on the continued success and progress of the Society. From 
the accompanying statement of the financial position of the Society 
(pp. 388, 389), it will, however, be seen that the amount of unpaid 
subscriptions is abnormally large. They would, therefore, strongly 
urge upon those Members and Associates whose subscriptions are 
still outstanding the necessity of remitting them as early as pos- 
sible to the Honorary Treasurer. 
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STATEMENT OF RECEIPTS 
By the Treasurer^ for the 



RECEIPTS. 



By 


■ 

Balance blst Deer. 1874 


if 


Subscriptions 


1873 


99 


)} 


1874 


}> 


19 


1875 


» 


» 


1876 


» 


» 


1877 


>» 


Publishinc: Fund 1874 




)) 


1875 





„ Composition of Life Subscriptions 

„ Sale of Journals 

Gain on Exchange 



» 



£ «. 


d. 


£ 


8. d. 






62 


4 10 


8 6 









64 12 









413 7 









13 16 


6 






1 











— 


501 


1 6 


3 2 


6 






15 17 


6 










19 
52 














13 


8 2 









1 8 



Total 



£647 IG 2 



RECEIPTS. 



STATEMENT OF 
On 3\8t 



By Donations 
„ Compositions 



£ 8, d. 
... 200 
... 161 15 

Total £361 15 



ESTIMATE OF ASSETS 

On the Uii 



ASSETS. 



To Unpaid Subscriptions 

„ Furniture (half original cost) ... 
Journals sold or in hand 



» 



Cash Balance 



£ 8. d. 
766 7 
142 18 7 
442 9 10 
162 11 1 



£1,514 6 6 
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3S9 



AND EXPENDITURE 

year ending 31«i December, 1875. 

EXPENDITURE. 



To Salaries— Secretary 

Secretary's Clerk ... 
Treasurer's Clerk ... 

,, Petty Expenses, inclnding Postage — 

OeCTcuirv ... ... . 

Treasurer 



ft 
»♦ 



» 



)) 



Stationery and Printing 

Shorthand Reporter 

Attendance and Refreshments at Meetings .. 

Fomitore 

Rent and Taxes .t. ... ... ... 

Overpaid Snbscriptions refunded 

Expenses remoyal of Sir P. Ronald's Library 
Insurance of Library , 



145 
GO 
10 



50 
2 3 5 



£ t. d. 



215 



Balance Or. 



62 3 


5 


20 13 


9 


22 11 


6 


20 15 


5 


28 





100 





1 1 





19 14 


3 


5 5 


9 


162 11 


1 



Total £647 16 2 



(Signed) C. E. WEBBER, Majob R.E., Treamrer. 

We have compared the above Account with the Vouchers and Cash Books, and 
find it to be correct, leaving in the hands of the Treasurer one hundred and sixty- 
two pounds eleven shillings and a penny. 



J. WAGSTAFF BLUNDELL, ? . ,.. „ 
FRED. CHAS. DANVERS, J ^"^*^^*' 



CAPITAL ACCOUNT 
December^ 1875. 



EXPENDITURE. 



To Furniture 



••• ••* ••* ••• ••* •#. 



Balance Or. 



£ «. d. 

285 17 3 

75 17 9 

£361 15 



AND LIABILITIES 
December, 1875. 



LIABILITIES. 







£ 8. 


d. 


By Subscriptions in advance 




... 21 16 


6 


„ Outstanding Accounts— Salaries- 




7 





Furniture 




4 9 


3 


Rent, Fuel , and Taxes 




... 143 14 


(J 


Printing and Stationery ... 




... 721 


9 


Balance Cr. 


... 616 5 


6 



£1,514 6 R 
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The following paper was then read : — 

UNDERGROUND TELEGRAPHS— THE LONDON 

STREET WORK. 

^ By Charles Fleetwood, Postal Telegraph Department. 

The underground telegraph system of the metropolis has now 
become so great, entailing so large a staflF to attend to it, and em- 
bracing so extensive a mileage of wire, that some description of it 
may prove interestmg. 

From the original /v^ wires used by Cooke and Wheatstone, in 
July 1837, between Euston and Camden, to test the success of the 
original five-needle telegraph, the system has gone on increasing, 
latterly with rapid strides, culminating at the present time into 
750 different wires alone entering the central station, and a total 
mileage of over 3,500 miles of gutta-percha-covered wire. 

The first underground telegraph — a specimen of which is now 
shown — consisted of wood cut with sloping sides A-shaped, and 
tarred ; grooves were cut at the sides and at the top, and the five 
copper wires inserted, each wire being previously insulated with 
cotton soaked in resin. 

On the successful issue of the Cooke and Wheatstone telegraph, 
it was started commercially, and a line of five wires was placed 
underground in lead pipes between Paddington and Drayton; 
this line became defective, and in 1841 was replaced by posts 
and overhead wires. The existing lines created by Mr. Cooke 
from this period were in 1846^ on the incorporation of the 
Electric Telegraph Company, led by wires in iron pipes to the 
first office in London, 345, Strand. Li the following year the 
system w^as extended under the streets to the new central station at 
Founders' Court, Lotlibury, which office was opened on the 1st of 
January, 1848 ; the total system of the Company at that time 
reached 1,500 miles of telegraph wire erected and in progress — a 
mileage less than one-half the present system under the streets of 
London alone. 

The system adopted at that time appears to have been the right 
one, and thoroughly suited to the many I'cquiremcnts of telegraphy 
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under streets, fur up to the present time but lew vnriutioiis Imvo 
been made. 

The wires were formed into cables and drawn through iron pipes 
which had been carefulJy laid ; the wires were of No. 4 gauge, a 
solid Ho, 16 copper wire of the weight of 621bs. covered with SG 
lbs. gutta-percha. Those cables were connected to what were 
termed "testing-posts;" these were hollow posts (with a door) 
placed above die pipes, and stjmding up like a street post — doubts 
less many present remember them well ; into them the wires were 
led. The wires were connected in these boxes by a mechanical 
joint, which it was easy to open and discoimect for testing. 

The changes which have taken place are the introduction of a 
smaller-aized wire, the abandonment of the gntta-pereha mechanical 
joint, and the substitution of flush-boxes for the old "t«stiog- 
posts." 

One extraoixlinary form of accident developed itself with tho 
"post;" gas escaping from the pipes found its way through the 
telegraph pipes into the " post." Tho ignition of a match against 
the side of the " post" by a passing smoker was fi'etjnently tlie 
cause of an explosion and the bursting the door of the "post," 
and as a rule many interruptions of communication. 
I The street-work of London consists of about 3,500 miles of 
" No. 7 gauge gutta-percba-covered wire (copper wire, No. 18 gauge 
= 39 Iba. per statute mile, gntta-perclia to No. 7 gauge = 4C lbs. 
per statute mile, diameter '171), wrapped with tape and tarred. 

The wires are drawn into cast-iron pipes of 3 in. and in some 
cases 4 in., diameter. 

This system connects the central office, St. M ar tin' s-le- Grand, 
with the several ])rovincial railways and the main road lines of 
tdlegrapha ; it also serves a large number of the metropolitan tele- 
graph offices. 

Tho total length of pipes is 110 miles. There are five main 
trunk lines radiating from the central station, as follows: — 

First, via Nowgate Street, Holboru Viaduct, Oxford Street, 
Western Disti-ict Post Office, Bayswater Koad, Netting Hill, 
Usbridge Boad, Turnham Green, Brentford and Hounsiow, where 
(hey meet the overground wires in tho Bristol Road. 



I 
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In this route, from the vault* at the New General Post Office 
under the footpaths in Newgate Street to tlie corner of Gilts|)tu 
Street, there are one 3-iuch and two 4-ineh cast-iron pipes, con- 
taining in all 240 wires; of these thirty are carried into tlie 
■ Hatton Garden Poet Office, where they are connected to the o 
house syBtem, 

At tlie corner of Gray's Inn Road, Holborn, there is a branch 
line of 3-inch pipes and 70 wires, serving the Great Northern 
Railway, King's Cross, the North- Western District Office, Euston 
Station, and passing up Eversholt- Street, Camden Boad, Adelaide 
Koad, tu tlie north end of Primrose Hill tunnel, on to the London 
and North- Westeni Railway. 

Another branch line leaves this route at Victoria Gate, Bays- 
water Road. There are 70 wires, 30 of which join the Great 
Western Railway at Paddington, where they pass through a test- 
box. The remaining 40, after passing through the same test-box, 
are continued underground to Harrow Road Bridge, and there 
connected to the overground wires, via the Grand Junction Canat. 

Second route, from St. Martin's via Ivy Lane, St. Paul's Church- 
yard, Ludgate Hill, Fleet Street, Strand, Whitehall, Great George 
Street Westminster, Birdcage Walk, Buckingham Palace Roadi 
Chelsea Suspension Bridge, Wandsworth Road, and Claphao 
Common, joining tlie overground system. 

On fliis route there are many deviations ; the first occurs at thtf 
corner of Wellington Street, Strand, where forty wires leave i 
the South Western Railway, Waterloo Station, by Waterloo 
Bridge ; the next at Trafalgar Square, for the War Office, Picca- 
dilly Circus, and the St. James's Street offices ; and after pa 
down the Mall in St. James's Park it strikes off up ConstitatioK 
Hill to Hyde Park Comer, thence to Knightsbridge, South Ken-. 
sington, and Young Street, Kensington, Post Offices. Froifl 
St. Martin's to Wellington Sti-eet, Strand, there are two cast-ind 
pipes, one of 4-inch and tlie- other of 3-inch diameter, with ifl^ 
wires ; beyond this point to the West Strand Office there are tw 
3-inch pipes, only one uf which is continued on. 

The third route passes by Chea])side, King William Street, avi 
London Bridge to the South-Eastcrn and South Coast Railway 
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continuing down the Borougli to the Soutli- Eastern District Post 
Office, tlirougli wJiieh the wires pass, and thence down Great Dover 
Road to New Cross, joining the overgronnd wires rniming to 
Beacliy Head at the point where the Brighton Railway crosses the 
road, and also the Sonth-Eastem Railway at that Company's 
Station, New Cross. 

At the corner of Princes Street, opposite the Mansion Honse, 
there is a junction, from which the wires pass through C'omhill, 
Leadenhall Street, Aldgate, to tlie Eastern District Post Office, and 
thence to the West India Docks. 

From the corner of Commercial Road the system proceeds to 
Grove Road, and is eomiected with the Ipswich overground wires 
via Duckett'a Canal. This route is now being extended to Mary- 
land Point, Stratford. 

Down Cheapside, as far as Princes Street, there is a 4-inch 
eastriron pipe with 90 wires, as well as five 7-wire cables, making 
altogether 125 wires; beyond this point the pipes are of 3-inch 
diameter ; 72 wires pass down King William Street and 70 along 
Cornhill. 

The fourth route is rid Gresliam Street to the corner of Moorgato 
Sti-eet, Finsbury Square, City Soad, Old Street, Kingsland Road, 
Stamford Hill, B.iyiey's Lane, on to the River Lea, where the wires 
ai-e connected to the Canibridga Road line. 

A branch hue of pipes from the junction-box at the comer of 
Moorgate Street supplies the offices of the Anglo-American, Direct 
United States, and the Submarine Companies, and also the Stock 
Exchange. 

At Telegraph Street, 2(5 wires join the overhonse system ; at 

London Wall, 8 wires lead to Broad Street Station ; at Providence 

Row, 50 wires pass down Worship Street round to the Great 

Eastern Railway Station, Bishopsgate Street, where tlioy ai-e con- 

I neoted to the Great Eastern and Continental system. 

Between St. Martin's and Finsbnry Square there are two 3 inch 
s and 130 wires, beyond this point one 3-inch pipe. 
^ The fifth ronto leaves St, Martin's at the north end of the 
Ibilding in Angel Street, and thus by Aldersgate Street, Goswell 

fld, High Street Islington, p.issinif flirongh n test-liox sit the 
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Nortliern District Post Office, at the corner of Packington Street ; 
thence by Cross Street, Upper Street Islington, Holloway Boad, 
up Highgate Hill, meeting the overground wires at East End 
Finchley, Birmingham Boad line. This route comprises a 3-inch 
pipe and 60 wires as far as the Northern District Office, 25 wires 
to tlie Railway Bridge, Holloway Road, and 20 beyond. 

In addition to these main routes there are several short connec- 
tions, such as, from the Submarine Office Threadneedle Street, to 
London Bridge, via Birchin Lane, Victoria Station to Marble 
Arch, &c. 

If the whole system, as now comprehended, was to be done ab 
initio^ it is probable that a more advantageous series of main trunk 
lines would be adopted, making it a more complete and compre- 
hensive whole, but it must not be lost sight of that the system has 
grown from a small beginning, with frequent and important addi- 
tions, necessarily following one another in the best way possible. 

At the new General Post Office the whole of the 750 wires are 
carried up the interior of the building and terminate on a test-box, 
where each wire is numbered. Provision has been made on this 
box for 500 wires from the Avest, and a corresponding number from 
the east, a total of 1,000 in all. 

New Work. 

A 4-incli pipe will hold 120 wires of No. 7 gauge prepared, and 
a 3-ineli pipe 72 wires, but it is not well, unless compelled bv cir- 
cumstances, to draw in these numbers. 

The pipes are 9 feet long, and previous to being laid are well 
cleaned inside by having a heavy chain or mandril draAvn to and 
fro to rub off any superfluous substance left in casting. 

The socket joints are packed with tarred yarn, and lead run in, 
as in the case of gas- or water-pipe joints. Great care is necessaij' 
to prevent the lead entering the pipe, and so damaging the wires 
when drawn in. 

Ill marking out the route the footpath is generally chosen ; the 
])ipes are laid under the pavement, it being much more accessible 
than the roadway, especially since the asphalte has been introduced- 
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Fluah-boxes 2 feet 6 iiiclies long, 11 inches wide, aiid one foot 
deep, are feed in some eases 50 yards apart, and in otliers 100 
yards, according to the number of wires required and the nature 
of the streets. 

A No. 8 galvanised iron wire is threaded through tlie pipes from box 
to box as the pipes are laid, by which the cables arehauled tlirough. 

All the cables are sent out from tlie Postal Stores in lengths of 
400 yards. On arrival at the place where it is to be used each 
cable is coiled in a loop, a short distance from the centre flush-box 
of the 400 yards length; theendsof the wires are trimmed for about 
six inches ; the cable is then divided into two, and each portion being 
twisted, they are then passed through the loop in the iron leading- 
in wire in contrary directions, bent back, and secured ; a jiiece of 
canvas is then wrapped round and fastened with string. 

An iron frame with two wooden rollers fitted is then fixed in the 
flush-box. The cable is made to pass over one roller and under 
the other. The latter is so aiTauged that the cable enters the pipe 
with a clear lead, and without being chafed against its edges, 

AU being now ready for the drawing-in, two men stand within 
the coil and cut the ties, delivering the cable to a third who is over 
the flush-box, and whose duty it is to see tliat the cable enters the 
pipe evenly. The foreman should be standing near so as to watch 
the cable entering the pipe, and to signal to the men at the next 
box when to commence or cease pulling. 

When the first fifly yai'da of the cable have entered the pipe, 
(and this is known by the end appearing at the next bos) a piece of 
tape is tied round the cable ; when tliis has passed through the 
pipe a second piece is tied on, and so on till the two hundred 
yards have been drawn through. 

As the cable comes out of tlio pipe it is coiled on the opposite 
end to that from which it has been drawn, the cable is then turned 
over by being coiled on the contrary end of the box, ready again 
to enter the pipe. Tliis operation is repeated till the whole two 
hundred yards have been laid. 

A corresponding operation has to be performed with the re- 
maining two hundred yards of the cable, but, of course, in tho 
opposite direction. 
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As soon Its a. few sections of the cable liavo been laid, tlie 
jointers foUow, starting from the central Htation, Ht. Martin's-le- 
Grand, jointing the wires in the vaults under the pavement at tiio 
corner of Bath Street, Newgate Street, to the house-wires, leading 
from the test-box in the instrument room, and which pass througli 
a rack numbered so as to correspond with the terminals on tl:c 
test-box. Having completed the joints at that apotj one man pro- 
ceeds to the next joint-box, 400 yards distant, and the other tft 
the teat-box ; they then commence numbering the wires by putting 
a current on the lowest number through a galvanometer, and, 
when this is found by the man at the flush-box, three signals are 
passed twice each way ; the wire is then fitted with a small piece 
of composite tube, on which u, number baa been stamped corres- 
[)ondiug with the teat-box number ; every wire is numbered in this 
way at the 400 yards boxes, so that at any joint-box tiie number 
of any wire is at once known. 

The men engaged at this work in London have had great ex- 
j>erienee, and, although the whole of their joints will not perhapaj 
to use their own phrase, "Stand the shadow teat" (Thompson' 
reflecting galvanometer), they are generally good. The greatest 
enemy tliey have to contend witli ia dirt, and, although full instruc- 
tions are issued and every care is taken, it is difficult to carry them 
out thoroughly in the streets of London. 

The method of jointing gutta-percha wire was so fully described 
by Mr. G. E. Preece, in his paper on " Underground Telegraphs, 
read in November, 1873, that I will not occupy yoiu- time hf 
repeating it. In the same paper a description was given of thft 
manner in which the joints were tested, and the good results gainef 
thereby. I believe the wires referred to by him still test well, aw 
show that where it can be done it is proper that great care sliouli 
be taken in testing each joint; but I fear the same system canno 
be applied to the street-work of London, where we have Bom& 
thing over 17,000 joints. 

There have been several methods proposed for improving lb 
joints in the streets, but as yet they have met with little fiivourfror 
thuso engaged at the work; probubl^- prejudice hns Inul someth!)^ 
to do in the luiitter. It has boon the custom to make a twiBt-joiii( 
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and now it has been suggested to insert the ends, after being cleaned, 
into a pieco of slit copper tube, tinned on the inside, of about tbree- 
quartei-s of an inch in length, after whicli it is soldered. This 
makes a good joint, and I believe will prove beneficial, as it does 
away with the sharp points that must be left when a twist ia made. 
A plan for insulating joints is on trial at several places. The two 
wires are passed through the wooden bottom of a short tin tube, the 
twist ia made and soldered, and then tlie wires are pulled back into 
the tube, and tlie latter is filled with melted paraffin wax. This plan 
was explained at a recent Meeting, and on a future occasion it is 
to be hoped that the results of these experiments will be made 
known. Such a system of mechanical jointing, of course, eonld 
not be used where it would be necessary to draw the joints through 
a pipe. 

MjUNTENANCE. 

Within the past five years nearly the whole of the underground 
system in London has been relaid, the number of wires having 
been found insufficient to meet the increased metropolitan traific, as 
well as the additional wires rendered necessary on the railways 
and road lines for the rapidly developing provincial business. 

This work has been effected witli compai-atively little or no 
iiiterruption of the working circuits, certainly with far leas than is 
experienced from renewals on railways or road lines. 

The manner in which this work has been performed may not be 
iminterestiug. 

Take, for example, increasing the number of wu-es between St. 
^nl's Alley and Wellington Street, Strand, from 50 to 110 in the 
p-inoh pipe (provision having previously been made between St. 
I and St. Paul's Alley for the increased number). The 
I cable of 110 wires, 400 yards long, was coiled on the pavement 
Lat the flush-box half-way between St Paul's Alley and Lndgate 
Cll Bridge, the two ends of the cable be n b u ht nt fl e 1 
' From a battery of six cells a e nt a pasaetl t! 1 
alvanometer into one of the new w I tl t! It th 

I'irc found by couijiloting tho circi t tl tl tl [1 1 tl 
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liiitlcry. Having found the wire and prepared the ends for jointr 
iiig, one of the old working Tviree was trimmed and the copper 
cleaned for about three inches ; one man taking one end of the new 
wire, and his assistant the other, both ends were put in connection 
with the working wire before it was cut, after whicli two bell- 
hanger's joints were made, thus putting tlie working wire througt 
its new wire in the cable ; this operation was repeated witli all the 
working wires, and each joint temporarily covered with thin sheet 
jiercha. 

The remaining sixty wires were then trimmed, and made fart 
round the working wires in advance of the joints, and a piece o? 
canvas wrajiped round to prevent abrasioi 

To draw out the old cable, and the new one iu, a rope was mada 
fust round the cable at the next flush-box, and, as the cable was 
hauled through, it was coiled, aa in drawing in a new cable; 
tact, the same work had to be done as in new work. 

When the whole of the new cable had been dra\vn in, there v 
a loop of two hundred yards at 8t Paul's Alley, and also at 
Liidgate Hill Bridge, to cut out which the small battery was again 
used. 

A wire was trimmed just below the temporary joint, and ouo 
pole of the battery connected to it through a galvanometer. A 
notch was cut- in the percha of each wire at the opposite end o 
the loop so as to make the copper visible for about one-eighth of 
an inch, preventing the wires making contact, at the same time 
enabling the man to touch each wire and complete the circnii 
through the loop. 

The battery being small and tlie deflection noted, there was 
very little danger of cutting the wrong wire. The wire having 
been trimmed and anoUier temporary joint made, a current was 
again passed through the loop previous to its being put a 
this manner the whole of the wires wore cut out. 

In some instances the new cable is looped in at a 400 yards 
box ; this obviates cutting the old cable at every 200 yards, i 
was done in the work I have mentioned ; but there is this dlsiuK 
^■antage, the first portion of the new cable must bo drawn through 
the entire 400 yards of ])ipo, an operation liable to injure it. 
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The underground wires are tested periodically from the ccuiral 
stfttion by means of a Wheatstone bridge and a Thompson gal- 
vanometer ; to prevent stopping tho circuit two spare wires (where 
available) are used between St. Murtiu's and the poiiit to which 
the tests ai'e to be taken, one jciuied to an insti-umont for a speak- 
ing circuit, and the second for subatitutinfj the working wire 
dm-iug the time it is being tested. The average insulation is about 
twelve megohms per mile. 

From these tests it ia readily seen when a wire is getting low in 
insulation, and it frequently happens that the cause is detected and 
remedied before it is sufficiently bad to interfere with tlie working. 

By means of a loop test, the position of a faidt is traced, and it is 
seldom that tho testa are wrong, generally within a 400 yartls lengtli. 

Having the resistance between St. Martin's and the several 
junction boxes recorded, the position is known as soon as the test 
is taken, and men are sent off to find the cause. 

In the event of two faults coming on a wire at the same time, 
the resistance of the loop would show that such was the case, as it 
would offer lesa resistance than that recorded. 

The number of faults reported as interruptions of eireuit are 
very few indeed. 

Occasionally the joints have been found defective, but more fre- 
quently the defect has proved to he within the pipe, and such faults 
must arise from one of the tlu-ee following causes : Friction against 
the |)ipe when pulled in ; a bad Joint in cable made before sent 
out from the stores ; lightning. 

The last-named I believe to be one of tlie chief som'ces of faults. 
A short time ago, previous to lightning protectors being fixed 
on two duplex circuits at the Stock Exchange, faults were reported, 
and when discovered there was every reason to believe they had 
been brought about by lightning. In one case the wire was badly 
centred, probably owing to the jointer allowing it to pass out of his 
hands before it was cool. The second case appears to have been 
at the end of the twist, one end of the copper wire probably being 
left sticking up, having a sharp pohit. If this view be correct, it 
would be well to have some kind of test-box at the end of each 
underground route, where lightning protectors eould be fitted, 
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A few years back one of the chief canees of interruptions was 
from a bad pructice of cutting or pricking wires. When a wire 
wiis wanted at a box whore numbers had not been attaohed, 
current was sent through it, and each wire cut with a knife, ha\ing 
a wire fastened to it joined to earth through a galvanometer. 
Boon US the blade touched the conductor of the right wire the 
noodle was deflected. Another mode of doing this was by oBing 
a small bradawl, to which the wire from the galvanometer was 
joined ; the percha was pierced till the copper was touched. 
Experience showed that botli these practices were highly dan- 
gerous, many cases having been discovered where the incisions had 
not been made permanently good. This was improved upon by 
having a small piece of percha cut out, so as to insure the wire 
being made good. I am glad to say we now find it wholly unneces- 
sary to continue these bad habits. 

During the latter portion of the time we were hi the old budding' 
at Telegraph Street it frequently happened that a wire was wanted 
out of a mass where there was nothing to identify it by ; rather 
than prick them, I endeavoured to find the wire by using a \ 
finder (such as mentioned by MrJ CuUey in his " Handbook of 
Practical Telegraphy"), but found it a very diiSeult task, owing to 
the currents in the working wires affecting the needle. Eventually 
it struck me, that, if I used a qnantity-current and the horizontal' 
galvanometer gonerally used for tlie Wheatatone Bridge, I should 
succeed. It proved to be correct — the quantity- current only 
moving the needle. Since that time, when occasion has required, 
it has been used in the streets, and answers admirably. The 
reason is obvious. The highest resistance of any of our street 
wires is about 300 ohms, whereas that of any working cii'cuit is 
much greater. Tlie result is, there is not sufficient quantity pass- 
ing through the latter to move the needle. 

In conclusion, I venture to hoiw that we may see the ondei^ 
ground system extended far beyond the outskirts of LondoHj 
believing as I do that, if the same care and attention wore given tc 
it as is the case with our submarine cables, it would prove to be i 
great success. 



1875.] TOE LONDON STEICET WOIUC. JO) 

Mr, 0. F, Varley ; To a great many Memijers of this Society 
the process of laying and renewing underground work is i>erfeclly 
familiar, but we have continually an accession of new Members tc 
whom this work is entirely strange, and I for one regret on tlieir 
behalf tliat more diagrams were not produced to illustrate the 
methods of renewal. Very little mention was made of the earliest 
system of rnidergronnd work used by the Electric Telegraph Com- 
pany, and wo ought not to lose sight of it, because, should tho 
supply of gutta-percha by any accident fail us, I do not know any 
other system more promising of success. With tho knowledge 
an<l the appliances we have at tlie present day it wouJd be quite 
possible to lay down wires, not perhaps very highly insulated, but 
sufBciendy so for all the practical purposes of telegraphy. 

I will therefore give a brief description of the method adopted iu 
those days, in order that you may fully understand it Tho wires 
were covered with two thick layers of cotton in opposite directions. 
Xine of these wires (there should huvo been seven or tliirteen to 
make a circle, but they used nine) wero draivn into a leaden tube, 
and the eiTor was made of cutting sUts in the leaden tube at every 
sis yards, in order that when the tube and the wires were placed 
in a cauldron, containing a mixture consisting chiefly of wood, 
pitch, rosin, and bees' -wax, this mixture should run into the tube. 

Nearly the whole of that work was laid by myself, and I pro- 
tested greatly agaiust the slitSj because in soldering them up again 
either the lead or the solder ran in between the wires and 
frequently damaged them, or else the soldered joints cracked during 
the coiling and uncoiling of the pipes, the solder being muck more 
brittle and much hartier than ordinary lead. I had a few pipes (I 
had great difficulty to get permission to do it) — I had a few pipes 
made without the slits, and alter they had been boiletl for twenty- 
four hours, the usual time, the pitch, rosin, and was compound 
was found to have penetrated throughout the entire length of fifty 
yards. Had the pitch mixture been prepared beforehand by boiling 
a sufficient length of time to expel all the acid and all the water, 
these tubes would have been very durable, but, as it was, tho 
minute quantity of wator, or acid and water, which remained, 
seemed gradually to collect together under the inftuenco of tlio 
2e2 
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electric oun-eiite, and ultimately to connect t}ie wires so effectually 
that they became too leaky for tlie purpose ref|uired. I mention 
thia particularly, because for about four years the whole of 
communication between the North of England and London wu 
conducted through some sections by means of wires insulated in 
this mauner — notably tlu-ough the tunnels on the London and 
North Western Railway and also between the Shoreditch Station 
and Lotlibury. The first communication with the North was 
moans of wires on the Eastern Counties Bailway. It is therefore 
evident that this is a practical method of telegraphy, and I have 
seen good intelligible signals come right through from Edinburgh 
to London through wires insulated by these means in many of the 
tunnels and in the streets of Edinburgh and London, and before 
gutta-percha was used for street or underground wiroB. 

The next subject which has struck me in connection with thi! 
paper, which unfortunately I have not had time to read before- 
hand, was the proposal of insulating the wii'es, after being uu 
by means of paraffin in a copper tube. It is well worthy of not« 
by all Members that paraffin and copper do not often agree, any 
more than do copper and india-rubber, and tlierefore, unless the 
copper wire be previously tinned throughout tliat length which 
to be exposed to the paraffin — and that cannot be the case unless Ihe 
whole wire from end to end is tinned — there will be an action 
between the two which is likely to cause their desti'uction. Never- 
theless this method of producing a rapid means of insulation 
deserves following out, and I have but little doubt tliat the skill 
of those engaged upon this work will ultimately overcome the 
difficulty in question. For example, if rosin be mixed with paraffin, 
the action on copper is very much reduced, and it is quite likely 
that by the admixture of other gums a compound of sufficient insu- 
lating power may be found which has no reaction with the copper. 
It is well known that copper wire inside ordinary india-rubber is 
almost certain in the coui'se of a few years' time to decompose ti« 
caoutchouc into a compound of the consistence of treacle, and llui 
action or reaction between the two has destroyed many and maiij* 
mile ofwire insulated by india-rubber; it should be observed thai the 
rubber in all these coses was joined by means of coal-tar naphtha. 
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I understood it to be stated in the paper tliat boliliaiiger-joiiits 
were used when they made a loop, as for example when thoy 
were going to cut a wire to draw out one section and put in 
another. As I explained on n previous occasion, the two ends of the 
loop were rolled round the wire to bo cut, and then the main wire 
was cut and the electric circuit went roimd tlirough the loop. By 
repeating tliis operation on each of the wires the loops were gradu- 
ally inserted until all tlie circuits were so diverted. But in the 
paper the words " bell-hanger joints" were made use of. I need 
not remind you that bell-hanger joints, that is to say, one loop 
witliin another, are never used, because the slightest shifting of 
one from tlie other would break the electric circuit. 

The fourth note which I made during the reading of the paper 
refers to faults arising from lightning. It should be distinctly nn- 
derstood that the underground wires were not themselves struck 
by lightning, but the land lines — the overground lines upon the 
railways Jn connection with these underground lines — were struck, 
and the lightmug ran into the underground wires to find a vent to 
the earth. 

Next, as to gas in the pipes. It has been stated that smokers 
frequently, by striking their cigar-lights against a post in the street, 
caused explosions of the gas which escaped from tlie defective gas 
mains into the telegraph pipes. I think those words are a little too 
strong. It should have been " sometimes caused explosion ;" and 
for tliis simple reason — that a mixture of coal gas and atmospheric 
air, when there is too much gas, will not explode — for example the 
Bunsen burner — and it requires about 15 volumes of air to one of 
gaa in order to make an explosive mixture. Now, the gas com- 
panies' pipes are so extremely leaky, that the quantity of gas escap- 
ing from the gaa pijies into the telegraph pipes, and thence from the 
pipes to the posts, was generally so great that the gas would burn 
at the keyhole. This was notably the case at the post at the comer 
of the Euston Eoad and Seymour Street, which was well known to 
the cabmen and others, and they used to take great pleasure in 
lighting the gas at the keyhole of the post. In addition to tliis, I 
do not tliink the action of gas upon the wires at all conduces to the 
soundness of their constitution, and if we could by any possible 
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means prt^vent the introduction of g&s, and consequent depoeitJon 
of Iiydrocarbon from tlie gaa, no doubt the London street wire* 
would last a longer time without repair or renewal than they do. 

The next jTOint to which I would refer is that of pricking wires, 
to find which is tho wire sought for. Years ago it was the custom 
to apply a battery, one pole to eai'th and the other to tlie wire 
aought for — say at the central station ; by this means the battery 
was endeavovu-ing to pass a current through the wire to earth. If 
tlicn a galvanometer, ono of whose polos was connected to earth 
and the otlier to a bradawl, was put in connection with the wire, 
by inserting the bradawl through the gutta-peroha a current of 
electricity flowed immediately the wire was discovered. This 
method, I take for granted, has long ceased to be adopted by the 
Post Office. It has been abolished and entirely forbidden under 
severe penalties in all cable fectorios. Now, there is no difficulty 
whatever iu selecting a wire from the outside without injuring the 
gutta-percha. We nre all familiar with tho common electrical ex- 
periment of passing a current through a wire under or over a 
needle, which is deflected by it ; and In 1855 I made an arrange- 
ment which will be found, I think, in one of my early patents, by 
which tliis could be done easily. It is as follows: — 

Supposing a battery to have one pole in connection with the 
earth, and the other to be connected with the wire to be sought fiw, 
and let this wire also be connected to eai'th at its dista,nt end, then 
the resistance of this short section — say one or two miles — ^being 
very slight, the current passing through the wire wiU be very great, 
as all acquainted with Ohm's laws well know. If an astatic pair 
of needles be now placed, the one above the wire and the other 
below it, the needles being suspended from a thread, and if these 
two are nearly balanced, tliey will be deflected when the right wire 
with its powerful current is placed in the apparatus. Accordingly, 
I had a box made {vide accompanying diagram) with an indenta- 
tion on one side, passing rather more than lialf through it. From 
the centre of the hd of the box came a thi-ead attached to a smsH 
piece of metal carrying the needles, which were connected witli 
each other by a curved piece of brass. If now a wire be plaecil 
inside the slit, and if tliere be a powerful current passing through 

M ^^ ^ 
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ifc, the needle will be doflected, as everybody knows perfectly well ; 
and by this meaiia I found uo difficulty wiuitever in selecting the 
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wires as fast as they were required. That method is so simple and 
( BO easily understood by everyone that I recommend it for adoption. 
I I should mention, before I resume my seat, that a great many 
experiments were made in London with different insulating nia- 
teriak, notably with one called Wray'a mixture. This consisted of 
india-rubber, gutta-percha, French chalk, and finely-powdered 
sdica. This material at first insulated admu-ably, and its inductive 
capacity was very considerably less than gutta-percha, but at the 
end of six months' time we found the insulation was gi'adually 
deoreafling, and it kept on decreasing for a considerable period of 
time. Tliis decrease of insulation was found on careful analysis to 
be due to the absorption of water by the insulating material, and 
thei-efore it was unsuited for street work ; but this material on the 
other hand was well adapted for indoor or office work. When 
gutta-percha covered wires are used in an office and exposed to a 
dry atmosphere and burnt gas, the gutta-percha gradually becomes 
brittle, and looks more and behaves more like tobaeeo-pipes than 
gutta-percha. It gradually contracts and separates in short 
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lengths, which are hard and brittle, leaving the wire exposed ; the 
guttn-percha contracting 20 or 25 per cent, in a short sj)ace 
of time. India-rubber has, unfortunately, the property which I 
described of becoming treacly, and occasionally the india-rubber runs 
away entirely, and leaves nothing but the plain bare copper wire. 
Wray's material, on the other hand, only very slightly softens by 
this process. It does not become brittle, and in a dry atmosphere 
preserves its insulating power, and I think it will yet do good 
service in large stations, such as the General Post Office, because it 
will not be liable to the failure to which gutta-percha is. At first 
sight this drying of the gutta-percha may not appear a serious evil, 
since the wires in an office are dry, and so long as the channel in 
which the wires pass remains dry the brittle character of the gutta- 
percha and the fact that the gutta-percha Has separated and left 
the wire exposed are of no consequence, seeing that there is no 
better insulator than the atmosphere ; but, when from any accident 
water happens to be thrown down the channel containing the wires, 
every one of those dry and cracked wires is thrown into what is 
technically called "contact," and telegraphing becomes impossible. 
This happened more than once at Telegraph Street, and threw nearly 
every circuit into a state of confusion for a considerable period of 
time. 

Mr. W. H. Preece : I should like to ask Mr. Varley if he can 
give us any intelligible reason why there should be reaction be- 
tween paraffin and copper, and between india-rubber and copper? 

Mr. Varley : It is well known that all fatty substances and 
copper react upon each other. For instance, if you place a plate 
of copper at the bottom of a vessel, and fill that vessel with oil or 
fat, you will see the copper gradually ascend by its green colour 
through the solid fat until it reaches the top of the vessel. In the 
same way, if you place some sulphate of copper at the bottom of a 
vessel containing common glue you will see the copper ascend 
through the common glue as rapidly as it would through plain water. 
The effect is to produce what is known as setacic acid, but whether 
setacic acid is produced in india-rubber and paraffin I am not 
prepared to say. 

The further discussion was then adjourned till next Meeting. 
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The Secretary announced tlie result of the ballot for President 
and Members of Council for the ensuing year to be as follows : — 

President 

C. V. WALKER, F.R.S. 

Past-Presidents. 

LATIMER CLARK, M.Inst.C.E. 
SIR WILLIAM THOMSON, F.R.S., LL.D. 
FRANK IVES SCUDAMORE, C.B. 
CHARLES WILLIAM SIEMENS, F.R.S., D.C.L., MJirsT.C.E. 

Vice-Presidents. 

FfiOFESSOB ABEL, F.R.S. 

Major J. U. BATEMAN-CHAMPAIN, R.E. 

R. S. CULLEY, M.INST.C.E. 
Professor G. C. FOSTER, F.R.S. 

Members. 



Professor W. G. Adams, F.R.S. 

H. G. Erighsen. 

Colonel Glover, R.E. 

Edward Graves. 

Charles Hockin, M.A., C E. 

Major Malcolm, R.E. 



W. H. Preece, M.InstC.E. 
Robert Sabine, C.E. 
Carl Siemens, M.Inst.C.E. 
C. E. Spagnoletti, M.Inst.C.E. 
Lieut.-Colonel Stotherd. R.E. 
C. F.Varley, F.R.S., M.Inst.C.E. 



Associates. 
Oliver Hbaviside. | W. J. Tyler. 

James Sivewright, M.A. 

OFFICERS. 

Auditors. 

J. Wagstafp Blundell. 

Frederick C. Danvers (India Office). 

Hon. Treasurer. Hon. Secretary. 



Major C. E.. Webber, R.E., 
Telegraph Street, E.C. 



Major Frank Bolton, 
4, Broad Sanctuary, S.W. 



Hon. Solicitors. 

Messrs. Wilson, Bristows, & Carpmael. 

Secretary. 
Geo. E. Preece. 
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[8th Dec. 1875. 



The following Candidates were balloted for and declared duly 
elected : — 



As Foreign Members : 

Don Antonio Oloriz. 
L. Arisz. 



C. Brieve. 
H. Nielsen. 



As Members : 



J. Ahern. 

W. C. Johnson. 



J. R H. Betts. 



As Associates : 

E. Castle. 
G. Dubem. 
G. W- Hook. 
W. Judd. 
J. J. Philpott. 
J. J. Payn. 
W. N. Tiddy. 
R. A. Warner. 



H. Yates. 
F. Kenney. 
A. Richards. 

J. Oldershaw. 

F. Fmms. 

G. Morrison. 
J. Ross. 

W. Turner. 



The Meeting then adjourned. 
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NEW ARRANGEMENT OF KEY FOR CABLE 

WORKING. 

To the Secretaiy of 
The Society of Telegraph Engineers. 

Sm, — Accompanying this is a hasiy drawing of an improvement 
I have made. It acts perfectly. Yon will see at a glance that the 
switch is thrown entirely into the key. The advantages are, that 
the clerk cannot send until the handle is in proper position, and 
should recorder break down the messages coming can be taken on 
mirror, with only the loss of one or two words. It simply requires 
the removal of a plug from one hole to another. 

If you think this worthy of mention before the Society, I shall 
be glad if you will do so. 

I remain. Sir, 

Yours obediently, 

F. Dewab. 

Rio Janeiro. 

Instructions. 

The cable is connected to one terminal w of a three-wayed com- 
mutator. The terminal Ui is connected line of recorder. The other 
end of coil is connected to terminal F of key. When the lever P 
is .perpendicular it is for receiving, the two levers A and B are 
slightly pressed against the bridge of key, preventing the clerks 
depressing them. In sending, the lever P is horizontal. The cam 
S is then in contact with spring leading to terminal D, which is in 
connection with terminal u of cable. From terminal F of key A 
a permanent connection is made to spring N, which acts as a check 
to cam S, holding it in its right position for sending and receiving. 
In sending, when (on recorder) the lever B is depressed, the current 
running along lever A divides at F, the greater portion going 
through spring N to cam-shaft C to spring D (which is in con- 



the ail- diy ; a cross connection is 
land and sea- cables. 

I Lfivo made some additions to 
end of the trough, behind the brass oa] 
screws, or terminaU, to one of ' 
used for earth, and to the other 
iron of each shore end, the two tei 
brass strap, which enables me to di. 
cable from its earfcli connection for 
from time to time. 

From the terminal in connection 
is joined to the central pillar insid 
earth connection between, but insuli 
lino-cables. A waslier, into wliich h 
under tJie not of tJie sea and land c 
to the centre one. Tiie latter has i 
pointSj which, when in position, point 
form a lightning protector for each 

These four dry-air chambers are 
with a plate-glass top, which forms 
test-box. 

By means of the arrangements 
possible to work four cables quite 
neously without the slightest int«rfei 
old vibration phenomenon can be n 
by simply joining np a local earth 1 
proving that it was no temporary ■ 
ratus, prior to the remedy being 
permanent influence, which can be hv ■ 

Such are the observed facts and tl 
evil ; but what is the cause of these \ ■ ' ■ 

To trace tliia I think we must glancu 
of the island. On the west, north, an 
rock, more or less raised above the sea !i 
a slaty nature, and of variable quality ; 
is nearly horizontaL*" *! - ' " ■* ' • 
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iiection with cam-shaft C), meeting coil portion at terminal u. 
When receiving, the handle is perpendicular, connection is broken 
between D and cam-shaft C, letting the whole current pass through 
the coil to earth. 

When on Mirror. 
Simply requires the plug to be removed from between u and Wj 
to u and u^. The mirror can then be worked in a similar manner 
to recorder. 
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EXPERIMENTS TO ASCERTAIN THE EFFECT OF 
FIRING A MINE BY ELECTRICITY ON CONDUCT- 
ING CABLES AND FUZES IN ITS VICINITY. 

By Lieut -Colonel Stotherd, R.E. 

The following experiments, tried at Chatham in 1870, may be 

interesting, as considered in connec- 
tion with Mr. CuUey's paper on '^ In- 
duction between Suspended Wires." 
Two electric cables, each consisting 
of a strand of seven No. 22 copper 
wires, insulated with Hooper's dielec- 
tric to a diameter of 3-|ij -inches, were 
laid side by side on dry ground for a 
distance of half a mile, but separated 
at their outer extremities by a dis- 
tance of about twenty yards {vide 
accompanying diagram). An ordi- 
nary Abel's mining fiize was attached 
to the outer extremity of each cable, 
and a separate earth connection esta- 
blished beyond each fuze by means 
of a short connecting wire and earth- 
plate immersed in the soldiers' bath- 
ing pond. The Water of this pond 
is brackish, being supplied from a 
tidal river, the Med way, at Chatham. 
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A series of fuzes was fired through one of these conductors, fo be 
called, for diatinclion, No. 1, by means of a field-service Austrian 
ebonite frictional machine. Wliile the fuzes on No. 1 conductor 
were thus fired directly, those on No. 2 conductor were fired under 
tlie following conditions : — 

1st. With both ends of No. 2 cable to earth, viz., that at tiie 
firing station and that beyond the fuze. 

2nd. With the end of Ko. 2 cable at tlie firing station insulated, 
and the connection beyond the fuze to eartli. 

3rd. With the end of No. 2 cable at the fli'ing station to earth, 
and a second Abel's fuze, representing a considerable electi-ical 
resistance,* introduced between the conductor and earth connec- 
tion at this point, the connection beyond the fuzo at the outer 
extremity of the cable being, as before, to earth. Li tliis case 
both fuzes, one at each end of No. 2 cable, were fired. 

The same results were obtained, imder the three conditions above 
specified, when two fuzes in continuous circuit were substituted for 
one at the outer extremity of No. 2 cable, and again, where three 
fuzes were placed in continuous circuit at the same point. These 
last experiments were tried to ascertain whether the introduction 
of a considerable electrical resistance into the circuit would prevent 
the indirect firing of the fuzes. With two fuzes tlie total resistance 
would be as nearly as possible doubled, and with three fhzes trebled, 
the comparative resistaneet of the conductor being insignificant. 

The cables were subsequently airanged at various distances, from 
3 feet to 40 feet apart, the conditions above enumerated being 
i'etained, and the experiments repeated. The i-esulta of these ex- 
periments will be found in the table attached. 

Again a fuze was introduced in No. 2 cable, with three yards of 
insulated conductor beyond it, the end of this short length being 
insulated, and the cables lying parallel to each other for half a 
mile, and tliree feet apart. Under these circumstances the fiize 
on No. 2 cable was fired with the same certainty as before, 

tThe object of this last experiment was to ascertain the efiTect on a 
' The electrical resistance of an Ahel's mining fnin (izompoaeci of sulianlphiile of 
per, snbpbospliiilB of copper, anil chlorate of potaah) U from 1,600 to 3,000 ohnis. 
f The resiatance of such n coadoctor nuald be about 12 ohnia per nautical mile. 
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fiize with a circuit-closer beyond it. The connection with the 
circuit-closer was represented by the three yards of cable insulated 
at its outer extremity. 

Subsequent experiments were made with a battery of 100 
Daniells' cells, with Siemens' Dynamo-Electrical machine^* and 
with Wheatstone's Magnetic Exploder, but the fuze on No. 2 line 
was never fired, even under the most favourable circumstances, in 
using these three latter firing agents. 

The electric cables (Nos. 1 and 2) employed were tested for 
insulation, conductivity, and resistance, before the experiments 
were made. The means of testing available at that time at the 
School of Military Engineering were somewhat rough as com- 
pared with the delicate apparatus now employed ; they were, how- 
ever, sufficient to show that the cables, which formed a part of the 
field electric telegraph equipment, were in good working order; 
that is to say, that the insulation, conductiviiy, &c. would have 
been sufficient for ordinary telegraphic purposes. 

The results obtained led to the supposition that the fuzes on 
No. 2 cable were fired by induction. Subsequent experiments, 
made by Major Malcolm and Lieutenant R. G. Scott, RE., throw 
an entirely different light on the subject. A record of the results 
of these latter is appended. 

Experiments made in Austria have proved that when a return 
wire is used frictional electricity may be employed to fire high 
tension fuzes without danger of ignition to fuzes in connection 
with cables in the vicinity of that through which the direct current 
may be discharged. With this modification the Austrians con- 
tinue to use frictional electricity for the ignition of submarine mines 
in certain cases (see pp. 413-15). 

Experiments carried out under the following conditions : — 

Two air lines, each 825 yards long, of No. 16 galvanised iron 
wire, well insulated, were separated by an average distance of 6i 
inches. A No. 1 Electric Abel (old service pattern) was. inserted 
into the upper line, of which both ends were to earth, with a Von 
Ebner Frictional Machine in circuit, while the otiier line had the 

* The Dynamo-Electrical machine used was one of the first supplied by Messrs. 
iemens to the War Department, and weighed about 28 lbs. 
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Tabular Statement of Results of Expebiments. 



c 
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M 



I 



i 

83, 



Tonching 



Firing AppMmtns 
oinployod. 



Do. 



Frictional 
machine, 
field serrice 
pattern 
(ebonite 
discs) 

Do. 




60 



60 



Do. 



Do. 



Do. 



Do. 



60 



60 



Do. 



Do. 



Do. 



Do. 



60 



60 



Number of FnsM in each 
CftUe end OonnectioiM. 



One on each cable at 
onter extremity. 
Both ends of No. 
2 cable to earth 



One on each cable at 
onter extremity. 
The end of No. 2 
cable at firing 
station being in- 
sulated and onter 
end to earth 

One fuze on No. 1 
cable at its onter 
extremity. One 
fnze on No. 2 
cable at its onter 
and one at its 
inner extremity, 
fnze and boUi 
ends to earth 

Arrangements simi- 
lar to Experi- 
ment 1, two rnzes 
and subsequently 
three fuzes being 
used on No. 2 
cable 

Arrangements simi- 
lar to Experi- 
ment 2, two razes 
and subsequently 
three fuzes being 
used on No. 2 
cable 

Arrangements simi- 
lar to Experi- 
ment 2, two fuzes 
and subsequently 
three fuzes being 
used on No. 2 
cable 



BesQlts. 



Both fuzes fired, one directly on 
No. I cable, the other indirectly 
on No. 2. This result was re- 
peated seyeral times under the 
conditions specified 



Both fuzes fired, one directly on 
No. 1 cable, the other indirectly 
on No. 2. This result was re- 
peated seyeral times- under the 
conditions specified 



All three fuzes fired, one directly on 
No. 1 cable, the others indirectly 
on No. 2. This result was re- 
peated several times under the 
conditions specified 



Fuzes on No. 2 cable all fired in 
every case 



Fuzes on No. 2 cable all fired in 
every case 



Fuzes on No. 2 cable all fired in 
every case 



414 



EFFECT OF FIRING A MINE BY ELECTRICITY 



o 

i 

•c 


I 
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3 feet 



3 feet 



3 feet 



Touching 



3 feet 
3 feet 
3 feet 

6 feet 

9 feet 
12 feet 
15 feet 

15 feet 

15 feet 
20 feet 

20 feet 
30 feet i 



Firing ApiMiratas 
employed. 



FrictioDfil 
machine, 
field serrice 
pattern 
(ebonite 
discs) 

Do. 



Do. 



Do. 



Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 

Do. 

Do. 
Do. 

Do. 
Do. 




50 



60 



50 



50 



50 

4 

4 

20 
20 
20 
10 

20 

30 

20 

30 



Number of Fozea In each 
Cable and Connections. 



Arrangements simi- 
lar to Experi- 
ment 1 



Arrangements simi- 
lar to Experi- 
ment 2 

Arrangements simi- 
lar to Experi- 
ment 3 

One on each cable at 
onter extremity, 
with 3 yards of 
electric cable be- 
yond fnze on No. 
2, outer end insu- 
lated 

Arrangements simi- 
lar to Experiment 10 

Arrangements simi 
lar to Experiment 2 

Ditto 



Ditto 
Ditto 
Ditto 
Ditto 

Ditto 

Ditto 
Ditto 

Ditto 



30 Ditto 



Besults. 



Fuze on No. 2 cable fired in every 
case 



Fuze on No. 2 cable fired in every 
case 



Fuzes on both cables fired in every 
case 



Fuzes on both cables fired in every 
case 



Fuzes on both cables fired in every 
case 

Fuses on both cables fired 



Fuze on No. 1 cable fired. Fuze 
on No. 2 not fired 

Fuzes on both cables fired 

Fuzes on both cables fired 

Fuzes on both cables fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuzes on both cables fired 

Fnze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fixed 

Fuzes on both cables fired 

Fuzes on both cables fired 
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40 feet 



40 feet 



40 feet 



40 feet 



35 feet 

30 feet 
Touching 



Do. 



Do. 



Do. 



Do. 



Do. 



Firing Apparatus 
employed. 



Frictional 
machine, 
field service 
pattern 
(ebonite 
discs) 

Do. 



Do. 



Do. 



Do. 



Do. 

Dynamo- 
electric 
machine, 
Siemens, 
28 lbs. in 
weight 

Do. 



Wheatstone*s 
Magnetic 
Exploder 

Do. 



Battery of 
lOODanieirs 
cells 

Do. 






1^1 

III 



30 



40 



50 



50 



60 



60 



Number of Fuzes in each 
Cable and Connections. 



Arrangements simi- 
lar to Experiment 2 



Ditto 
Ditto 
Ditto 



Ditto 

Ditto 
Ditto 



Ditto 
Ditto 

Ditto 
Ditto 

Ditto 



Results. 



Faze on No. 1 cable fired by direct 
action. Faze on No. 2 cable not fired 



Faze on No. 1 cable fired by direct 
action. Faze on No. 2 cable not fired 

Faze on No. I cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not 
fired. The fuze on No. 2 cable 
was changed on this occasion to 
ascertain whether the failure to 
fire arose from a defective or less 
sensitive fuze 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuzes on both cables fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 



Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 



Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 

Fuze on No. 1 cable fired by direct 
action. Fuze on No. 2 cable not fired 



Fuze on No. I cable fired by direct 
action. Fuzeon No. 2cable not fired 



^OL. IV. 
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near end insulated, the far end to earth, and a No. 1 Electric Abel 
fuze near far end, close to fuze in upper line. The distant earth 
separated about twenty-five yards ; the distant earth for top line 
being soldered to a gas-pipe near the main, and the bottom, a 
copper plate in very moist earth. 

To determine whether it was possible to explode the Aize in 
the bottom line by induction, from a charge passing 
through upper line, andeifploding its fuze. 

This was tried as above ten times, and in no iustance was the 
fuze in lower line exploded. 

The lower line was then put to the same earth as upper line at 
home (or near end), the earth being a copper earth-plate in moist 
earth, the outer earth and fuzes being the same as before. 

With Von Ebner both fiizes exploded. 

Under the first conditions, the Holtz Induction Machine in good 
working order, giving a spark of foiu: inches, was applied to line — 
1st. Without fuze in upper line ; 
2nd. With fiize on each line ; 

3rd. With the lower end at home to the same earth as with 
frictional machine. 

Fuzes in upper line exploded, but none in the lower line, even 
when the lower line was put to earth at the home end. 

With the Holtz machine, two small Leyden jars sent with the 
machine were used ; the jars are 5^'^ x If '^, filled with gold leaf, 
with tinfoil covering two inches from the bottom outside. 
Showing, therefore, that the inductive effect was not suJBSciently 
great to explode the second fuze, either from a Von Ebner or 
Holtz machine. 

The examination was carried further, as shown more at length 
in the tabular statement which is attached (see p. 417). 

E. W. Malcolm, 

Major R.E. 
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D'ARLINCOURT'S RELAY. 
By R. S. Brouqh. 

Although M, d'Arlinoourt's Relay was exhibited in the Vienna 
Exposition of 1873, and had already been in use for some years in 
France before that, no description of it, so far as I am aware, has 
as yet been published in England. It is, however, unquestionably 
novel in principle and successful in practice. 

The novelty of the Relay in principle is attested by the fiwt that 
in a descripti<m of it published in 1872 in the " Journal Kle- 
graphique " of Berne its action was misinterpreted, while in his 
report to the French Administration on the Vienna Exhibition 
M. Cl^rac says, ^^ Cette seconde armature oseille, comme la pre- 
miere, sous Paction directe du courant de ligne, mais, lorsque ce 
courant cesse, elle effectue encore un dernier battement sous 
rinfluence d'une reaction magn^tique, dont la cause rCa pas, 
jusquHciy iti compUtement expUqvAe^ Subsequently, however, 
Mr. Schwendler in India and M. Du Moncel in France have cor- 
rectly explained its action. 

(1.) Preliminary. If the soft iron rod A B (fig. 1) be wound 
with insulated copper wire in the way shown in the figure, and a 
current be passed through the wire in the direction indicated by 
the arrow, then the core will assume a south polariiy at A and a 
north polarity at B. If, further, the wire be wound continuously 




and systematically along A B, and if the rod be uniform and homo- 
geneous throughout its length, then there will be a single neutral 
line X x' passing through the centre o of the electro-magnet at 






s?aB-^^"^pi 



D'ARLINCOimT'S RELAY. 

riglit angles to its axis, and the whole of one-lialf A o of the rod 
will be south, while the whole of the otJier half B o will be nortli. 

If, however, the wiro be wound Bymmetrically but not con- 
tinuously (the middle part of the bar beiug left uncovered) as in 
fig. iJ, tlien there will be thve neutral lines, viz. xo :«' (passing 



I 



V 



Fig. 2 



as before through the middle point of the rod) ; y y' (passing 
through the right-hand helix, and lying nearer to o than to B) ; 
and z z' (passing through the left-hand helix, and lying nearer to 
o than to A). From A to s a ' the rod will be south ; from ; ^ ' to 
.T o x' north {weaker than the former) ; from x o a:' to y y' south 
(equal to the latter) ; and from y ?/ ' to B north (equal to the first)'. 

As the bare space intervening between the two helices diminishes, 
so do the two neutral lines y y' and z z' (fig. 2) approach towards 
the principal neutral line x o x' ; and tliey finally coincide with it 
■when the rod is covered with wire throughout {fig. 1). 

Consider Uie ease represented in fig. 2. So long as the current 
continues to flow the polarity will be distributed in tlie manner 
indicated above. Suppose, however, we interrupt the current, 
what will take place at the moment of interrupting it ? The action 
that ffitpervenes is that which liae heeti taken advantage of by 
M. d' Arlincourt, and vihieh constitutes the novelty of his Relay. It is 
as follows: — 

The outer poles are stronger (as already stated) than the inner 
poles, and hence, at the moment of interrupting the current, the 
residual magnetism due to the outer poles will be greater than tliat 
duo to the inner poles and will overcome it. Fui'ther, the outer 
])oles have a greater distance to travel to neutralise one anotlier 
tlian the inner poles, and will consequently outlive tliem. Hence, 
when the current is interrupted, the neutral lines yy' and zz' will 
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rapidly approach towards the principal neutral line xox\ and 
coincide with it, thus leaving the half A o of the rod temporarilj 
magnetised south throughout its length, and the half B 'o tempo- 
rarily magnetised north throughout its length. 

We see, therefore, that directly the current is interrupted the 
polarity of the core lying immediately on eiilier side of the principal 
neutral line .x oaf is temporarily reversed. 

Bearing the foregoing principles in mind, we will now examine 
the construction and working of the Relay. 

(2.) Construction of the Relay. (See fig. 3.) 



ic 



||l&^ 




i^ 



lay' 
Fig. 3. 

A C B is of soft iron, forming the core of a horseshoe electro- 
magnctj wound in the manner indicated. D and E are projections 
to bring the core near the tongue. 

T is a horizontal section of a vertically pivoted sojR; iron tongue, 
polarised by a large permanent magnet, and free to play between 
the stops P and Q. 

P and Q are respectively the "local contact" and the "rest" 
stops. 

S is an adjusting screw of soft iron for regulating the sensibiliiy 
of the instrument, by varying the mass of iron present in the 
projection E. 

w x' is th6 principal neutral line of the electro-magnet. 

We shall suppose the end T of the tongue to be a south pole. 

(3.) The Relay used as a '^ receiving " instrument. 

Suppose the stops P and Q to be adjusted so that they both lie 
to the right of the neutral line xox\ (See fig. 3.) 
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)he tongue T is attracted by both the projections D mid E, but 
! necessarily nearer to E than to D it will rest iu contact 
with tlie rest-atop Q. 

Now, suppose a euirent to flow tlirough the wire in the direction 
indicated by the arrows. Then A will become a south pole, and B 
a north pole ; D a weaker north pole, and E a weaker south polo. 

Hence, ainee T is a south pole, T will be attracted by D and 
repelled by E ; and, if the resultant force be sufficiently great, T 
will move over and rest in contact with the local contact stop P, 
and remain there so long as the current oontimies to flow. 

When the current is interrupted, T tends by its own inductive 
action (since it is nearer E than D) to return to Q ; but, over and 
above this, the moment the current is interrupted D is changed to 
a south pole and E to a north one, so that T is now attracted 
towards E and repelled from D. Under the influence of these 
forces, if sufficiently sh'ong, the tongue T will return and rest 
against Q, when it will be ready to be moved by a fresh current. 

Here I must remark, that, instead of the residual magnetism 
being a retarding influence, M. d'Arlincourt employs it as his 
" antagonistic " force. Hence the rapidity of action of this Relay. 
Further, the stronger the lino current received, tlie stronger also 
the residual magnetism, and consequently the stronger the anta- 
gonistic force. Hence this Relay works ahnost without re- 
adjustment. 

These are the two qualities that commend this Relay, and the 
value of which has been practically proved in France and in 
India. 

(4.) The Relay used as a line ^^discharging'''' instrument or as a 
"zinc-sender." 

If, instead of adjusting the steps P and Q so that they both lie 
to the right of the neutral line .-nox', we adjust them so that tlioy 
both lie to the left of the neutral lino, then normally, i.e. when no 
current is passing, the tongue T will rest in contact with the 
stop P. (See fig. 3.) 

Now, suppose a current to pass as before in the direction indi- 
cated by the arrows. Then since, as before, T is attracted towards 
^and repelled from E, the tongue tvill not mow, but will only 
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press harder against the stop P so long as the current continues 
to pass. 

The instant, however, we interrupt the current, the polarity of 
D and E is reversed, D temporarily becoming a south, and E a 
north, pole. Hence T will now be attracted by E and repelled by D 
temporarily. Under the influence of this momentary reverse force, 
if sufliciently strong, the tongue will fly over from P to Q. But 
this force being essentially transient the tongue will as quickly 
return to its normal position. 

Hence, when the relay is adjusted as here described, at the 
closing of the circuit there will be no motion of the tongue, but at 
the opening of the circuit the tongue will execute a complete oscil- 
lation, i.e.y will move from P to Q and back again. From the 
peculiar "flick" with which this movement is executed by the 
tongue, M. d'Arlincourt has very aptly applied to it the term 
^' coup defoueV^ 

It is easy to see that if we send our signalling current in the 
proper direction through the coils of the Kelay, attach our line 
wire to the tongue, and " earth " or " zinc" to the stop Q, every 
time we release our key in sending we shall have "earth" or 
" zinc " momentarily put to line. 
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To find the position of the Vertex of the Catenary^ the points of 

suppot*t being at different levels. 

By R. S. Brough. 

At the outset it may be well to call to mind that in telegraph 
construction it is the maximum strain, or that at the higher point 
of support, which is kept constant; and that consequently the 
strain at the lowest point of the wire, or vertex of the catenary, is 
a variable. Hence we have to deal with catenaries of imknown 
parameters. 
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In practice it has been the custom to assume (1) that the curve 
formed by the wire is a parabola, and (2) that the strain at the 
insulator is equal to the strain at the lowest point of the curve. 
Although these two assumptions introduce no sensible error into 
any calculations applied to spans of ordinary length, yet in the 
case of very long spans the use of formulae based on them might 
lead to serious mistakes. 
Let a = length of the span. 

w = weight of the wire per unit length. 
t = the strain at the higher points of support = working 
strain of wire = breaking strain of wire divided by 
fector of safety. 

Z = — = working " modulus" of wire = length of piece of 

wire whose weight is equal to working strain = ordi- 
nate of curve at higher point of support. 

and k = difference of level between two points of support. 

Then the above constitute our data. 

Further, let jo = strain at lowest point of curve. 

c = — = " parameter " of catenary. 

and a = horizontal distance of vertex of curve from the 
lower point of support. 
Now the formula given for finding a (see Blavier, vol. ii., which, 
however, it is to be noted, contains numerous misprints) is 

a kl 
2 a 

A manifest correction to this is made by introducing {I — k) for 
Z, since the lowest point of the curve must necessarily be below the 
lower point of support ; thus : — 

a k(l — k) 
2 a 

If we assume the curve to be a parabola, but do not assume 
Z = c, then 

_ 2{a^-hk^-'kl)--k^/2 {2l{l'-k)--a^} 



0! = C logtf 
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If we treat the curve rigidly as a catenary, we have first to find 
the parameter c from the equation 

and then determine a from 

c 

These equations are naturally very awkward from their tran- 
scendental form, but they can be used easily enough to control onr 
calculations. 

By using the well-known approximate equation to the catenary 
of the form ai^= 2cy -^ ^y^,l have arrived at the following alge- 
braical expression, which is suitable for making the requisite calcn* 
lations : — 

Calculations such as I here allude to have of course only to be 
made in office, and never on the line, and therefore the length of 
the above formula is no practical objection to it. With regard to 
its accuracy, I may state that I have compared results obtained by 
means of it with those given in Sir Davies Gilbert's " Table of tlie 
Ordinary Catenary," first published in the " Philosophical Tran- 
sactions" (see Molesworth's "Pocket Book of Engineering For- 
mulae," new edit), and in a space of 4,000 feet found them to 
agree within 2 per cent. 
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JSfote 071 the calculation of tlie effects of Wind Pressure. 

By R. S. Brough. 

The force exerted by the wind during storms is so great that its 
effects even on such skeleton structures as overland telegraph lines 
cannot be neglected. This is, of course, especially the case when a 
number of wires have to be carried over long spans on high masts. 
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i regards the safety of the wire itself, since the wind pressure 
fed on it will only increase directly as the diameter, while its 
own strength will increase directly as the square of the diameter, 
it is manifestly more advantageouB to employ a thick wire than a 
thin one of the same kind and quality. Clearly, however, a thin 
steel wire is preferable to a thick iron one of the same strength. 

If TT denote the wind pressure per unit area in a direction at 
right angles to the axis of the wire, and d the diameter of the wire, 
then, practically {the wire being round), the pressure in unit longtJi 
of the wire will be about ^ird = p, say. 

Let w be the weight of the wire per unit length. Then since 
gravity acts vertically downwards, while the pressure of the wind 
may be supposed to act horizontally, tlie resultant force on a tinit 
length of the wire will be 

Thus the result of the wind pressure will be, so to speak, to 
increase the weight of tlie wire, while leaving its strength constant ; 
and, oonsequontly, to diminish the *' modnlus " of the wire from 

T T 

- to y „ ^ , where T denotes the breaking strain of the wire. 

Considering that the utmost force of the wind may be as great 
ns 50 lbs. on the square foot, it will be frequently found, in calcu- 
lating the maximnm stress, that w may bo neglected against p, in 
which ease R = ^, nearly. 
Let a = length of spans. 
—^ e = " modulus " or " parameter " of catenary, 
^k ( = original strain on wire at point of support. 
^Ktd t' = now strain on wire at point of support. 
^Then 
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This formula shows that the wire is no more likely to break on a 
long span (neglecting the increased probability of flaws in the 
wire) than on a short one. 

It shows, too, very clearly, the advantage of thick over thin 
wire; ^.^. taking tt as 50 lbs. on the square foot, the value of 

A^l + ^ for No. 8 wire (diam. (K'-17) is about 7-35, while for 

No. 1 wire (diam. (K'-30) it is about 4-24. 

If d denote the "dip" of the wire, then, using the approximate 
equation to the catenary, the strains on the wire at the point of 
support may be expressed as follows : — 

And treating the curve formeJi by the wire as a parabola, 

<=g^, and«= g^ 

r 

The pressure of the wind on the supports themselves is usually 
a comparatively insignificant quantity ; but the strain on the sup- 
ports arising from the pressure of the wind on the wires is often 
very great, increasing with the number of wires and their thick- 
ness. The magnitude of the latter can always be easily calculated, 
and the necessary strength to give the stays to render the supports 
secure can then be determined. 

The pressure on each wire will be about = |?*a ; and the moment 
of this pressure about the ground line will be p'a'A, where A = 
height of the wire above the ground. The total pressure will be 
S (p'a), and the place at which to fix the stay above the ground 

line is given by ^ = ^ / \ • The strain on the stay = - — ^-^ 

^ -^ 2(p*a) -^ cos ^ 

(where Q is the angle it makes with the horizon) = S (jt?*a) x - 

where r = the distance from foot of the post to stayhole, and 

The following table will give some idea of the force that may be 
exerted by the wind : — 
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» INDUCTION BETWEEN SUSPENDED WIRES. 
Ari:oQnra, lat October, 1875. 
Bib, — Ml'. Culley has recently callod the atteution of the Society 
of Telegraph Engineers to the iuductix'e effect of one wire on 
another, tlie raembera of the Society may therefore be interested 
in hearing of some experiments I made about two years ago with 
n, view of eliminathig this source of annoyance. In consequence of 
the gap in cable communication with the far East, between Bombay 
and Madi-as, the Government Telegraph Department found it neces- 
sary to erect two direct wires between those places. These wires are 
throughout the whole distance only about twelve inches apart, and 
they had not long been erected before it was found that signalling 
currents in one wire gave rise to induction currents in the other, 
which greatly impeded the work. It struck me at once that these 
currents could be neutralised by the use of an induction coil, wound 
with two exactly similar wires, and connected up as shown below. 

Suppose a signalling cui-rent to be sent in liue No. 1, in tite 
du'ection of the arrow A. At the commencement of such current 
there will be an induced current in wire No. 2, in the direction 
shown by the small arrow a. In the wire of the induction coil 




there will be generated another induced current, which will obvi- 
ously be in the opposite direction to the current induced in the 
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lino. Tho two induced currents can therefore be adjusted to neu- 
tralise each other. 

With the permission of the superintendent of the district, expe- 
riments were made by Mr. W. P. Johnston, the then assistant- 
superintendent in charge of the Madras Office, and myself, in which 
we were perfectly successful, so far as the elimination of the 
induced currents was concerned, but magnetic retardation had now 
to be contended with. This I endeavoured to overcome by placing 
an electro-magnet as a shunt on the relay, as ako by placing the 
relay in the cross-circuit of an induction bridge. 

Amongst plans proposed but not carried out, the following, in 
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which tho coil wires themselves form the shimts on the relays, may 
be mentioned as likely to give good results. The back contact of 
the key is double, one stud being connected with earth and the 
other with the relay. The front contact is connected with the 
battery in the ordinary way. 

One difficulty arose from the inequality in the compensation 
required for sending and received currents; this is however a 
drawback that can be easily overcome. 

Unfortunately, I was unable to complete the experiments, but, 
having in a few words given an idea of the principle which I 
endeavoured to apply, I have no doubt the method, in the hands 
of some of our skilful electricians in England, may be carried to a 
successful issue. 

Yours truly, 

G. .K. WiNTEB. 

To tho Secretary, 

Society of Telegraph Engineers, London. 
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LIGHTNING CONDUCTORS. 

Dear Sih, — I have read with groat interest the paper and dis- 
cussion on Lightning Conductors in tlie Journal of tlie Society of 
Telegraph Engineers, vol. iv. p. 262. 

J have also read tlie directions for the construction of conductors, 
issued by the French Commission on that subject I observe, 
however, that almost all who discuss the subject insist most on tho 
necessify of obtaining what Telegraph Engineers call "a good earth 
connection." The telegraphist uses the earth to complete his circuit, 
and thoroforo it is of great importance to bi'm ; but the protection 
of buildings from electric discharges has a different aim and a 
different method. 

What we desire is, to prevent the possibili^ of an electric dis- 
charge occurring within a certain region, where it would be 
dangerous. Generally, the region wo wish to protect is the inside 
of a building, but sometimes we also wish to render harmless any 
discharge between tiie outside of the building and other objects. 

If the thing to be protected is a cottage in the country without 
water or gas supply, or any otlier system of metallic conductors 
extending to a distance, or if it is a ship or a balloon, then the 
method is simple. For we know that within a hollow closed 
metalhc vessel no electrical disturbaneo can be caused by any 
electrical phenomenon taking place outside the vessel. For in- 
stance, Faraday built himself a cubical room of 12 feet in tho 
side, covered it with conducting matter, and set it on insulating 
supports. " I went into the cube," he says, " and lived in it, and, 
using lighted candles, electrometers, and all other tests of electrical 
states, I could not iind the least influence upon them, or indication 
of anything partieulai' given by them, though all this time the 
outside of the cube was powerfully charged, and large sparks and 
brushes were darting off from every part of its outer suriace."* 

It is not neoessaiy that tiie region should be entirely closed in 

• Esperimeutal EosoarcheB in Electricity, 1174. 
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by the metallic conductor ; it is sufBcient if the conductor surrou/ids 
it like a net. 

Thus, in the case of a cottage which was struck last year, I 
placed a wire in a trench so as to surround the base of the cottage, 
and connected this with conductors running up the gables, and 
with another carried along the ridge of the roof. 

If the building were a powder magazine, I would lay several 
stout copper wires in the foundation of the building, longitudin- 
ally and transversely, and connect them with other wires carried 
vertically up to the roof. These, if of copper, might be built into 
the wall, for security against theft. The roof should be protected 
by a network of wires somewhat closer than that laid in the founda- 
tion. All the lead of the roof, the rain-water pipes, and every other 
piece of metal on the outside, must be connected with the system 
of conductors. The only use of a sharp point placed on the highest 
part of the building is to cause any discharge to take place at that 
point, where it can injure nothing but a piece of copper, which can 
be replaced when damaged. 

If, however, a building protected in this way has wiiMn it 
water-pipes, gas-pipes, telegraphic communication, or any other 
metal in communication with a large metallic system outside the 
building, there may be a discharge between this metal and the 
inside of the building. 

To prevent this, it is sufficient that the system of lightning con- 
ductors should be well connected to the water-pipes, gas-pipes, 
&c., and, as the joints of gas-pipes are often bad conductors, dl 
the gas-mains should be separately connected to the lightning 
conductor. 

As it is impossible to apply this method to telegraph wires, no 
telegraph wires from outside should be admitted into a powder- 
magazine, though there may be a telegraph between different parts 
of the same building. It is quite imnecessary to take any precau- 
tion with respect to masses of metal entirely contained within the 
building, such as large machines, &c., provided they are not in 
communication with bodies outside, such as the water- or gas-pipes. 

All that I have said depends on the fact that in order to produce 
an electric discharge there must be a difference of potential between 
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the bodies between which the discharge is to take place, and, if by 
putting the bodies in electric connection we can keep them at the 
same potential, no discharge will occur. In an isolated building, 
surrounded by a conductor, it is quite unnecessary to provide for 
the escape of the electricity to earth, for, even if it did- not escape at 
all, it would only raise everything inside the house to a high 
potential, and this would do no one inside the house any harm, 
and would not eflfect even the most delicate electrometer. If the 
foundations were very dry, the earth discharge might, if concen- 
trated, disturb a small portion of the soil, but it would not do any 
damage to the house. 

In the cottage which I mentioned as being struck last summer, 
the chief damage was done in those parts of the walls where the 
mortar was still damp. Where this was near the surface the mortar 
only was blown out, but where it was in the middle of the wall the 
stones were broken, and some large granite stones forming the 
chimney-head were projected so as to fall seven feet from the foot 
of the wall. 

Here the explosion was due to the conversion of the water of the 
mortar into steam. 

In a spruce-tree struck in 1874 the upper part was wet with the 
thunder-shower, and was not damaged. Lower down, where the 
stem was dry, the electricity was conducted by the pith, and 
the moisture there was converted into steam, and split the tree into 
sectors. The sap had ascended about fifteen feet, so that the lower 
part of the tree was not shattered, but the bark was peeled off, and 
thrown to a distance from the tree. The roots extended to a wet 
ditch, which was the only good earth connection in the neighbour- 
hood, and this accounts for this particular tree being struck while 
other trees much taller escaped. 

Yours faithfully, 

» 

J. Clerk Maxwell. 

Carendish Laboratory, Cambridge. 
2nh May, 1876, 



VOL. IV. 2 (J 



/ 



INDEX. 



Address, President's, on Sir Charles Wheatstone ......,«.. »....m* 319 

„ „ Inangoral » 1 

Alkalies, Alkaline Earths, On the Electric Conducting Power of Chlorides of 102 

American Iron Wire, Electrical and Mechanical Tests of « ,..> 114 

„ Telegraphs, Indian and 81 

Annual Report for 1875 ». » 376 

Arrangement of Key for Cable Working ..^ 409 

Australia, Electric Telegraphy in Ill 

Automatic Transmission, Induction between Siospended Wires affecting 64 

Batteries, New Forms of Galvanic ;— 

„ Air f % «.... 176 

„ Chutaux's M. » » 227 

„ Clamond's Thermo-Electric 181 

„ Highton's , 224 

„ Marie-Davy's 236 

„ Smee's » 186 

Batteries, their Employment in Telegraphy : — 

„ Bichromate » 139 

„ Daniell's 126 

„ Gravity: — Baltimore 144 

Callaud's 140 

Fuller's 138 

Lockwood's 143 

Minotti's 138 

Siemens's 144 

„ Grove's 138 

„ Leclanche's 130, 149 

„ Platinized Graphite 167 

Cable Borers 368 

Cables, Determination of a fault in Submarine 97 

Cables, On the Leakage of Submarine 91 

Cable Working, Arrangement of Key for 409 

Carbon, Electric Conductivity of various forms of 105 

Catenary, To find the position of the Vertex of 423 

Central Telegraph Stations 106 

Chlorides, The Electrolysis of certain Metallic 103 

„ The Electric Conducting Power of Alkaline 102 

Company, Western Union Telegraph 309 

Conducting Power of the Chlorides of Alkalies, Alkaline Earths, and Nitric 

Acid in Aqueous Solutions 102 

Conducting Surface, On the flow of Eleetricity in a uniform plane 104 

Conducting Cables and Fuzes in its Vicinity, Effect of Firing a Mine by 410 



>» 



434 INDEX. 

FAOI 

Condactivity of varioiu forxnB of Carbon 106 

Conductors, Earth Connections for Lightning 262 

Conductors, Lightning 429. 

Construction, Telegraph / *22 

Contacts, imperfect, in Signalling with rigid Contact Points 117 

D*Arlinconrt's Relay 418 

Determination of the Distance of a Fault in Submarine Cables 97 

Discharges, Electrical, in Vacuo, Experiments to ascertain the cause of Strati- 
fication 246 

Discharge, False 293 

Duplex Telegraphy 77 

Durability of Gutta-Percha and India-Rubber Joints 335 

Dynamo-Magneto Electric Machine, A new form of 297 

Earth Connections for Lightning Conductors 262 

Earth Plates, Vibrations due to 34 

Effect of Firing a Mine by Electricity on Conducting Cables and Fuzes in its 

Vicinity 411 

Electrical Discharges in Vacuo, Experiments to ascertain the cause of Strati- 
fication 246 

Electrical Tests of American Iron Wire 114 

Effects of Wind Pressure in Telegraph Construction 424 

Electric Conducting Power of the Chlorides of the Alkalies, Alkaline Earths, 

and Nitric Acid in Aqueous Solutions 102 

Electric Conductivity of various forms of Carbon 106 

Electricity in a uniform plane Conducting Surface, On the Flow of 103 

Electric Machine, A new form of Dynamo-Magneto 297 

Electric Resistance of various Metals 112 

Electric Telegraphs in Queensland 300 

Electric Telegraphy in Australia Ill 

Electrolysis of certain Metallic Chlorides 103 

Fault in Submarine Cables, Determination of the Distance of 97 

Flow of Electricity in a uniform plane Conducting Surface, On the 104 

Forms of Carbon, The Electric Conductivity of 105 

Form of Dynamo-Magneto Electric Machine, A new 297 

Forms of Galvanic Batteries, New 175 

Fuzes in the vicinity of Conducting Cables, Effect of Firing a Mine by 

Electricity on 411 

Galvanic Batteries, new forms of 175 

Gutta-Percha and India-Rubber Joints, Respective Merits and Durability of... 335 

Heliograph, Mance's , 24 

Imperfect Contacts with rigid Contact Points 117 

Inaugural Address, President's 1 

India-Rubber Joints, Respective Merits and Durability of Gutta-Percha and... 335 

Indian and American Telegraphs 81 



INDEX. 435 

. PAOB 

Induction between Suspended Wires 427 

Induction between Suspended Wires affecting Automatic Transmission 54 

Iron Wire, American, Mechanical and Electrical Tests of « 114 

Joints, Respective Merits and Durability of Gutta-Percha and India-Rubber... 336 

Key for Cable Working, New Arrangement of 409 

Leakage of Submarine Cables, On the 91 

Lightning Conductors, Earth Connections of 262 

Lightning Conductors 429 

London Street Work ; Underground Telegraphs 387 

Loss of the " Vanguard," Sea Telegraphy in relation to 307 

Machine, On a new form of Dynamo-Magneto Electric 297 

Mance^s Heliograph -. 24 

Mechanical and Electrical Tests of American Iron Wire 114 

Merits and Durabilx. v of Gutta-Percha and India-Rubber Joints 335 

Metallic Chlorides, On '"he Electrolysis of ^.. 103 

Metals, Electric Resistance of ,.. 112 

Mine by Electricity, Effect of Firing on Conducting Cables and Fuzes in its 

yicinity 411 

New Zealand Telegraph Department 314 

Nitric Acid in Aqueous Solutions, On the Electric Conducting Power of 102 

Pile, On a New Thermo-Electric 258 

Plane Conducting Surface, On the flow of Electricity in a uniform 104 

Plates, Vibrations due to Earth- ^ 34 

President's Address on Sir Charles Wheatstone 318 

President's Inaugural Address 1 

Pressure, Effects of Wind, in Telegraph Construction 424 

Queensland, Electric Telegraphy in 300 

Relay, D'Arlincourt's 418 

Report for 1875, Annual 376 

Resistance of various Metals 112 

Rigid Contact Points, On Imperfect Contacts in Signalling with ,. 117 

Signalling with rigid Contact Points, On Imperfect Contacts in 117 

Solutions, On the Electric Conducting Power of Chlorides of Alkalies, 

Alkaline Earths, and Nitric Acid in Aqueous 102 

Stations, Central Telegraph ; 106 

Stratification in Electrical Discharges in Vacuo, Experiments to ascertain the 

cause of 246 

Street Work, London ; Underground Telegraphs 387 

Submarine Cables, Determination of the Distance of a Fault in 97 

Submarine Cables, On the Leakage of 91 

Surface, On the flow of Electricity in a uniform plane Conducting 104 

Suspended Wires affecting Automatic Transmission, Induction between 54 

Suspended Wires, Induction between 427 

Thermo-Electric Pile, On a new 253 

Telegraph Stations, Central 106 



436 INDEX. 

Teleg^ph Companj, The Western Union 309 

Telegraph ConBtmction 422 

Telegraph Department, ^ew Zealand 314 

Telegraphy, Daplex 77 

Telegraphy, Batteries and their Employment in 120 

Telegraphy in Australia, Electrie Ill 

Telegraphy in Queensland, Electric 300 

Telegraphy in Relation to the Loss of the " Vanguard,*' Sea- 307 

Telegraphs, Underground ; The London Street Work 387 

Tests, Electrical and Mechanical, of American Iron Wire 114 

Underground Telegrapbs; The London Street Work 387 

Uniform plane Conducting Surface, On the flow of Electricity in a ,. 104 

Union Telegraph Company, Western 309 

Vacuo, Experiments to ascertain the cause of Stratification in Electrical 

Discharges in 246 

Vanguard, Sea Telegraphy in Relation to the Loss of the 307 

Various forms of Carhon, The Electric Conductivity of 106 

Various Metals, Electrical Resistance of 112 

Vibrations due to Earth Plates 37 

Western Union Telegraph Company 309 

Wheatstone, Sir Charles, The President's Address on 320 

Wind Pressure, Effects of 424 

Wire, Mechanical and Electrical Tests of American Iron 114 

Wires as Affecting Automatic Transmission, Induction between Suspended ... 54 

Wires suspended. Induction between 427 



THE SOCIETY 



OF 



TELEGRAPH ENGINEERS, 



EST-AJBrjISHED IST'l. 



LIST OF OFFICERS AND MEMBERS. 



NOTICE. 



It is particularly requested that any change of Kesidence 
or Address may be communicated at once to the Secretary. 



Stk ^arietj 4 ©d^tjHplt (ttttjitt^^rs. 



ESTABLISHED 1871. 



COUNCIL.— 1875. 
President. 

LATIMEE CLAEK, C.E. 

Past-Presidents. 

SIR WILLIAM THOMSON, F.R.S., LL.D. 
FRANK IVES SCUDAMORE, C.B. 
CHARLES WILLIAM SIEMENS, F.R.S., D.C.L., M.INST.C.E. 

Vice-Presidents. 

Propessob ABEL, F.R.S. 
R. S. CULLEY, M.INST.C.E.. 
PB0FE8S0R G. C. FOSTER, F.R.S. 
C. V. WALKER, F.R.S. 

Members. 
Major J. U. Bateman-Cham- Carl Siemens, M.Inst.C.E. 
PAIN, K.E. 



H. G. Erichsen. 
Edward Graves. 
Major Malcolm, R.E. 
W. H. Preece, M.Inst.C.E. 
Robert Sabine, C.E. 



C. E. Spagnoletti, M.Inst.C.E. 
Lieut.-Colonel Stotherd, R.E. 
Cromwell Fleetwood Varley, 

F.R.S., M.Inst.C.E. 
Edward Wildman Whitehouse. 
Professor Williamson, F.R.S. 

Associates. 



Thomas Angell. | John Bailey. 

Walter Hancock. 

OFFICERS. 

Auditors. 

J. Wagstaff Blundell. 

Frederick C. Danvers (India OfiSce). 

Hon. Treasurer. Hon. Secretary. 



Major C. E. Webber, R.E., 
Telegraph Street, E.C. 



Major Frank Bolton. 
4, Broad Sanctuary, S.W. 

Hon. Solicitors. 
Messrs. Wilson, Bristows, & Carpmabl. 

Secretary. 
Geo. E. Prebcb, 31, Bedford Street, Covent Garden, W.C. 

Office. 
4, Broad Sanctuary, London, S.W. 



LOCAL HONORAEY SECRETARIES. 



W. E. Ayuton, 

Professor of Natural Philosophy, 
, Imperial College, Yokohama,. 
Japan 

Charles Burton, 

Director- General of the Argen- 
tine Telegraphs, Buenos Ayres 

Le Commandeur E. D'Amico, 

Director-General of the Italian 
Telegraphs, Rome 

Frederic Delarge, 

Engineer of the Belgian Tele- 
graphs, Brussels 

C. L. Madsen, 

Great Northern Telegraph Com- 
pany, Copenhagen 

C. Nielsen, 

Director- General of the Norwe- 
gian Telegraphs, Christiania 

Colonel D. Robinson, R.E., 

Director-General of India Tele- 
graphs, Calcutta 

Don Ramon Pias, 

Director-General of the Chilian 
Telegraphs, Santiago 

John Aylmer, 

4, Rue de Naples, Paris 



JAPAN. 



ARGENTINE REPUBLIC 



ITALY 



BELGIUM. 



DENMARK. 



NORWAY. 



INDIA. 



CHILL 



FRANCE, 




xrci^tj xrf M^fltpph (Knjin^qs. 



LIST OF MEMBERS, 

CORRECTED UP TO 1st JANUARY, 1875. 



HONORARY MEMBERS. 



Sir Geobge Biddel Aihy, K.C.B., D.C.L., LLD., Astrono'iner Boyal, Royal 
Observatory, Greenwich. 

Gen. Sie Edwaed Sabine, R.A., K.C.B., D.C.L., LL.D., 13, Ashley Place, 
Westminster, S.W. 

Professor Wilhelm Weber, F.R.S , Gottingen. 

Samuel Carter, Esq., 3, Clifton Place, Sussex Square, Hyde Park. 



FOREIGN MEMBERS. 



Aguayo, Don Waldo . 
Ahumada, Don Francisco 

AlLHAUO, M. . 
ALICR. Don .loSK 

I 

Almaestbe. Don Uakmelo 

Alteneck, F. Von Hefner 
Aparicio, Don Josk 
Araujo, Hippolyte 



Santiago, Chili. 

National Telegraph Department, 
Rosario, Argentine Republic. 

Inspector-General of the Freiioli 
Telegraphs, Paris?. 

.National Telegraph Departmenr, 
Jesus Maria, Argentine Republic. 

National Telegraph Deparnneut, 
Gualeguaychu, Argentine Re- 
public. 

94, Markgrafen Strasse, Berlin. 

70, dup. Calle de Pelayo, Madrid. 

Inspector of Spanish Telegraphs, 
Madrid. 



Bachelor, Charles 
Bates, D. H. 



. Newark, New Jersey, U.S. 
. Western Union Telegraph Company 
Philadelphia. 



6 



BRiouET, Alfred Niaudet . 

Bbeouet, M. Sen. 

Bbooks, David .... 

Brown, A. S. . 

BURTON, CHARLES . 

(^Honorary Secretary for the Argen- 
thie Repuhlic.) 

CyALAHAN, J^. A., . • • • 

Capanena, Professor . 

Cappanera, Lamberto 
Chandler, Albert B. . 

COLLETTE, J. M. 

{Honorary Secretary for the 
Netherlandi) 

Dakebs, James .... 

D*AMICO, M. le Commandeur, E. 
{Honorary Secretary for Italy,) 

DELARGE, FREDERIC 

{Honorary Secretary for Belgium.) 

Dolan, T. 



DWIGHT, J. H. 



EcKERT, Gen. Thomas 
Edison, Thomas A. 

Field, Cyrus 
Frischen, Carl . 

GiRARDiN, Joseph 

Guilleaume, F. C. 

Haskins, C. H. . 

Hoffmier, Gustav 

IIOSKIAR, Capt. V. 
Hughes, Professor, D. E 

Johnson, Edward H. 



39, Qua! de PHorloge, Paris. 

39, Quai de PHorloge, Paris. 

22, South Twenty-first Street, Phila- 
' delphia, U.S. 

Western Union Telegraph Company, 
New York. 

Director-General of the Argentine 
Telegraphs, Bnenos Ayres. 

17, Comhill, B.C. 

Director-Greneral of the Brazilian 
Telegraphs. 

Florence, Italy. 

Western Union Telegraph Company, 
New York. 

The Hague. 



Manager, Montreal Telegraph Com- 
pany, Montreal, Canada. 

Director-General of the Italian Tele- 
graphs, Rome. 

Engineer of the Belgian Telegraphs, 
Brussels. 

Western Union Telegraph Company, 
New York. 

Western Union Telegraph Company, 
New York. 

Western Union Telegraph Company, 
New York, U.S. 

Newark, New Jersey, U.S. 

New York, U.S. 

94, Markgrafen Strasse, Berlin. 

Director of Belgian Telegraphs, 
Brussels. 

Cologne, Rhenish Prussia. 

North Western Telegraph Company, 
Milwaukee, Wisconsin, U.S. 

Great Northern Telegraph Company, 
Shanghai. 

Royal Danish Engineers, Copenhagen. 

85, Rue Notre Dame des Champs, Paris. 

Philadelphia, U.S. 



Kellogg, Milo G. . 



220, EastKinzie Street, Chicago, U.S. 



Lacoine, Emile 

Ladd, Geobge J. 

Lagore, Don Luis . ' 

Lasabd, Dr. Adolphe . 

Lopez, Don Juan 

Lopez, Don Pedbo 

LtJDERS, His Excellency Gen. voN 



. Director of Telegraphs, Constanti- 
nople. 

► Western Union Telegraph Company, 
San Francisco, U.S. 

. National Telegraph Department, 
Bella Vista, Argentine Repnhlic. 

. German Union Telegraph Company, 
Werder Strasse, Berlin. 

. National Telegraph Department, 
Buenos Ayres, Argentine Republic. 

. National Telegraph Department, 
Rosario, Argentine Republic. 

, Director-General of the Imperial 
Russian Telegraphs, St. Peters- 
burgh. 



MADSEN, C. L. . . . . 16, FredericksbergAUee, Copenhagen 

(Honorary Secretary for Denvmrk.) 
Martial, De Saint . . . Secretaryof the International Bureau. 

Merrihew, J. . . . . Western Union Telegraph Company, 

Philadelphia, U.S. 

Meydam, General T. . . . Director-General of the Imperial 

German Telegraphs, Berlin. 

MiLLiKEN, G. F. . . . Western Union Telegraph Company, 

Boston, U.S. 

Moore, George A. . . . Erie, Pennsylvania, U.S. 

Mori, Don Emilio . . . National Telegraph Department, 

Buenos Ayres, Argentine Re- 
public. 

NIELSEN, C. . . . . Dh-ector-General of the Norwegian. 

{JFonorary Seeretary for Noi*ivay.) Telegraphs, Christiania. 



Orton, Hon. William . 

Pellegrino, Commander, Henrico 
Pentasuglia, Commander, G.B. 

Phillips, William J. . 

PIAS, DON RAMON . 

{Honorary Secretary for Chili.') 

Pope, Frank L. 
Prescott, George 

Repsold, J. G. . 

Sargent, W. D. 



. President, Western Union Telegraph 
Company, 145, Broadway, New 
York. 

. In spector-in-Chief , Italian Telegraphs, 
Florence. 

. Inspector- in-Chief , Italian Telegraphs, 
Florence. 

. Philadelphia, U.S. 

. Santiago, Chili. 

. Elizabeth, New Jersey, U.S. 

. Westefn Union Telegraph Company, 
New York, U.S. 

. Platino-Braziliera Telegraph Com- 
pany, Rio Janeiro, Brazil. 

. American District Telegraph Com- 
pany, Philadelphia, U.S. 



8 



Salvatobi, F. . 

ScHOPiNSKi, Don Leon . 

Sellebs, C. T. . 
Siemens, Dr. Werner . 
SoLDAN, Don Carlos Paz 
OSA, Don Jacinto 

Spang, H. W. . 
Staring, William 

Stearns, J. B. . 
Straube, Otto . 

Summers, C. H. 



TiLLOTSON, L. G. 

Torres, Don DiEoa 
Trant, Lawrence B. . 

Trant, Peter Nicholas 



Ugarto, Don A. V. 

ViALE, Chevalier Clementk 
VIANISI, Marquis L. 

YiNCHENT, JuLIEN 



Zetzsche, Dr. K. K. 



. Inspector-in-Chief of the Italian 
Telegraphs, Rome. 

. National Telegraph Department, 
Salta. 

. Reading, Pennsylvania, U.S. 

. Berlin. 

. Lima, Peru. 

. National Telegraph Department, 
Tucuman, Argentine Republic. 

. Reading, Pennsylvania, U.S. 

. Director of the Netherland Telegraphs, 
Hague. 

. Sub-Director of Telegraphs, Buenos 
Ayres. 

Western Union Telegraph Company, 
Chicago, Illinois, U.S. 

. 8, Dey Street, New York, U.S. 

. Santiago, Chili. 

. Provin cial Telegraph Department, 1 03 , 
Calle Cangallo, Buenos Ayres. 

. Provincial Telegraph Department, 
Rosario, Argentine Republic. 

. Santiago, Chili. 

. Director, Italian Telegraphs, Florence. 

. Messina. 

. Inspector-General of the Belgium 
Public Works, Brussels. 

. Chemnitz, Saxon v. 



Total nnwher of ForeAgn Mfimhprs . 



SI 



ABEL, Pbofessob, F.R.S. 
( Vive-President.) 

Abney, W. Capt., R.E. . 

Adams, W. G. Professor, F.R.S. 

Andeeson, S. Capt., R.E. 

Andbews, Thomas 

Andbews, W. S. 

Ansell, William T. . 

Abmstbong, R. Y., Capt., R.E. 

ASHUBST, W. H. 

Atkinson, E., Dr., F.C.S. 

AYLMER, JOHN 

{Honorary Secretary for France.) 

AYRTON, W. E. 

(^Honorary Secretary for Japan,) 

Bailey, W. H. . 



MEMBERS. 

. Royal Arsenal, Woolwich. 
. Chatham. 



Physical Laboratory, King's College, 
W.C. 

British N. America (Messrs. Cox and 
Co., London). 

French Atlantic Telegraph Company, 

Brest. 

16, Telegraph Street, E.C. 

66, Old Broad Street, E.C. 

Chatham. 

General Post Office, E.C. 

8, The Terrace, York Town, Snrrey. 

4, Rue de Naples, Paris. 

Imperial College, Yokohama, Japan. 



. Brighton View, Leith Square, Pen- 
dleton, Manchester. 

Bakeb, Valentine, Col. 10th Hussars 13, St. James's Place, S.W. 

Babkeb, G., Lieut. R.E. . . Bermuda. 

Bablow, William Henby, F.R.S. . 2, Old Palace Yard, S.W. 

BATEMAN-CHAMPAIN, Major, R.E. 55, ParUament Street, S.W. 
(^Member of Council.) 



Beaumont, F. Major, R.E., M.P. 

Beckeb, Chas. . 

BOLTON, FRANK, Majob . 
{Honorary Secretary.) 

BoBDEAUx, John 

Boyle, R. Vicabs, C.S.I. , M.I.C.E. 

Bbasheb, a. . 

Beight, Sib Chables, M.I.C.E. 

Bbistow, G. L. . 

{Honorary Solicitor.) 

Bboadbent, T. E., Lieut., R.E. 

Bboobub, William R. . 

Beough, S. . . . 

Bbown, E. O. . 

BUBKE, E. Haviland, M.P. 

Bubke, J. . . . 



A 3 



2, Westminster Chambers, S.W. 

112, St. Martin's Lane, W.C. 

4, Broad Sanctuary, Westminster, 
S.W. 

Submarine Telegraph Company, 
Dover. 

Yokohama, Japan. 

55, Parliament Street, S.W. 

26, Duke Street, Westminster, S.W. 

1, Copthall Buildings, E.C. 

Calcutta, India. 

Indian Government Telegraphs, 
Bombay. 

Indian Government Telegraphs, Cal- 
cutta, India. 

Royal Arsenal, Woolwich, S.E. 

54, Brompton Crescent, S.W. 

Indian Government Telegraphs. 



10 



Canning, Sir Samuel, C.E. 

Cabgill, W. W., F.R.G.S. 

Cecil, Lord Sackvillb . 
Chambbe, Alan E. 
Chauvin, Gbobge von . 

Clabk, Edwin, M.I.C.E. 

CLARK, LATIMER, M.I.C.E. 

{President.) 

COLLETT, RiCHABD 

CoLOMB, P.H. Capt. R.N. 

CONNINGHAM, W. J 
COOKE, Sir W. FOTHl B. ILL 

Cbacknell, E. C. 
Cbacknell, W. J. 
Cbipps, Edwabd 

Cbockeb, Henby Ring . 

CULLEY, R. S., M.I.CE. 
( Vice-President.) 

Danvebs, Juland 
Deane, Thomas 
Den, John D. . 

Despointes, F. . 

Dodwell, Robeet V. . 

DoBMAN, Mask, J.P. . 
Douglas, Col. . 



Eckfobd, J. Capt. R.E. . 

Ellis, William, F.R.A.S. 

ERICHSEN, H. G. 

{Member of Council.) 

Evans, Mobtimeb 
Faulkneb, John 

Feathebstonhaugh, a. Capt 
Ffinch, B. T. . 

FiTZGEBALD. D. G. 



R.E. 



. 7, Great Winchester Street Bnildings, 
Old Broad Street, E.C. 

. Director-General of Imperial Tele- 
graphs, Yokohama, Japan. 

. Hayes Common, Beckenham, Kent. 

. Camera Lodge, Sonth Norwood, SJ!. 

. 48, Falmerston Buildings, Old Broad 
Street, E.C. 

. 6, Westminster Chambers, West- 
minster, S.W. 

. 5, Westminster Chambers, West- 
minster, S.W. 

. 25, Bnrghlej Road, Highgate Road, 
N.W. 
Roxeth Villa, Harrow-on-the-Hill. 

Goyermnent Telegraph Department, 
Adelaide, South Australia. 

. Branksea Lodge, Tooting, S.W. 

. Sydney, Australia. 

. Brisbane, Australia. 

. London Brighton and South Coast 
Railway, London Bridge. 

. 15, Kent Terrace, East Greenwich. 

. Postal Telegraphs, General Post 
Office. 

. India Office, S.W. 

Common Side, Mitcham, Surrey. 

. Telegraph Department, Cape Town, 
Cape of Good Hope. 

. Submarine Telegraph Company, 
Threadneedle Street. 

. Oriental Telegram Agency, 140, 
Leadenhall Street, E.C. 

. Melbourne Crescent, Northampton. 

. East India United Service Club, 14, 
St. James's Square, S.W. 

Calcutta, India. 

. Royal Observatory, Greenwich. 

. 7, Great Winchester Street Buildings, 
E.C. 

. West Regent Street, Glasgow. 

. 13, Great Ducie Street, Strangeways, 
Manchester. 

. British N. America (Messrs. Cox & 
Co., London). 

Calcutta, India. 

. 6, Loughborough Road, North Brix- 
ton, S.W. 





Floyd, William Hesry 


Goyemmeiit Tele™pli Office, Wel- 
lington, New Zealand. 
6, Dnke Street, Adelphi, W.C. 




FOHDB, H. C, MJ.C.E. 


rOSTEK, G. C, Pbopbbsoe, F.R.S. 


12, HiUdropRoad.N. 






Feanob, J. B. . 


27, Amlerat Road, Hackney. 


FBANCM, FKAJIK RlOHABD 


12B, Hew Kent Road, S.E. 


Frabi, Frederick 


65, Brewer Street, Woolwich, S.E. 


FOLLEE, THOMAH 


119, Glo'ater Terrace, Hyde Park. 


Galton, Douglas. Cupt., C.B., F.R.S 


Chester Street, Grosvenor Placo, S.W. 


Gbhhabdi, Charles A. 


lOy, Cannon Street, E.C. 


Gilbert, Edwabd 


Snperlntendent-in-Chief Telegraph s to 
the GoYcrnment of Japan, Yoko- 






Gill, W. J., Lieut. R.E, 






Junior Carlton Clnh, Pall Mall, S.W. 


Gladbtonb, Dr. John Hall, F.R.S, 


17, Pembridge Sqnare, W. 


Gloveb, T. G., Col. R.E. 


Bnrwood, Heraham, near Eahcr. 


Goodbye, T. M., Professor 




GOtDSTONB, CHABLB8 . 


London and Sonth Western Railway, 






■ GOKDON, C. P. B. 


Indian Government Telegraphs. 


^Gbaveb, A. 


North EaBtem Railway, 46, Monk- 




gate, York. 


GRAVES, E. (,Member of Co^iicil) 


Postal Telegraphs, Birminghani. 


4JBA.7GS, JamEH . 


Anglo-American Telegraph Com- 




pany, Vnlentia, Ireland. 


Gray, Matthew 


106, Cannon Street, E.C. 


Greener, J. II. 


H, St. Swithin's Lane, E.C. 


Gheenhill, JIatthew C. 


Postal Telegraphs, Belfast. 


Gbiffith, G., Master of Natural Scienc 


Harrow School, Harrow. 


GBIM8I0^■, Gbobqe Syltestbb 




Gbovbb, Geoeob E., Capt. K.E. 


Staff College, Famborongh Station. 


GUTTEBBS, J. 


Kingston, Jamaica. 


Hall, William Henry, Lieut. K.N. 




Halpin, Captain Robert 


38, Old Broad Street, E.C. 


Hawkins, Frederick . 


Silvertown. 


Haynbb, Fubdehick T. Iaqo . 


Bristol and Eieler Railway, Taon- 


Hbnley W. T. . 


Chesterton House, Plaiatow, Essex. 


Eockin, Charles 


B, Arenne Road, St. John's Wood. 


: HOLUEB, Nathaniel John 


7, Great Winchester Street Bnildings, 




Old Broad Street, B.C. 


Home, R., Col. R.E. 


Topographical Department, War 




Office, New Street, Spring 


^^ 


Gardens, S.W. 



12 



Hooper, J. P. . 
Hooper, William 
Hyde, H., Ck)l. R.E. 

Jektll, H., Lient. R.E. 

Jenkin, Fleeming, F.R.S., M.I.C.E. 
Jervois, W. H., Col. R.E., C.B. 
Johnson, J. Thewlis . 
Johnstone, W. P. 

Lambert, Frank 

Lambert, M., Capt. R.E. 

Lanckert, Edward 

Langdon, William 
Lane, J. M. . 

Laws, J. C. . 
Lemon, C. . . . 

Le Mesurier, F. a., Capt. R.E. 
Lindsay, Lord . 
Loepfler, Louis 

Luke, S. P. 
Lundy, Charles 
Lushington, E. H. 

Maitland, James M. H. Major R.E. 

MALCOLM, E. D. Major R.E. 
(Member of Council.) 

Mallock, Major 

Maxwell, Professor Clerk, F.R.S. 
McEvOY, C. A., Capt. . 

McGowAN, Samuel 
Melhuish, W. F. 

Mittelhausen, Julius 

Monclrieff, Major Alexander 
Montifiore, Sidney . 

MoxoN, IIenuy . 



. " The Hut," Mitcham. 

Beechwood, Clapham Common. 
Calcutta, India. 

Government Telegraph Department, 

Melbonme, Australia. 
. Postal Telegraphs, 101, Cannon 

Street, E.C. 
. 3, Great Stuart Street, Edinburgh. 
. War Office, S.W. 
. 27, Dale Street, Manchester. 
. Indian Government Telegraphs. 

. 16, Great Castle Street, Regent's 
Circus. 

Barbadoes (Messrs. Cox & Co., 
London). 

5, Woodland Place, New Charlton, 
6.E. 

. Postal Telegraphs, Southampton. 

Indian Government Telegraphs, 
Calcutta. 

. 41, St. John's Park, Upper HoUoway. 
. Wellington, New Zealand. 

Chatham. 
. 47, Brook Street, W. 
. 12, Queen Anne's Gate, Westminster, 

S.W. 
. Calcutta, India. 
. 140, Leadenhall Street, E.C. 
. Brackenhurst, Cobham, Surrey. 

. Mount Wise, Devonport. 
. Chatham. 

Indian Government Telegraphs, 
Simla. 

. Cambridge. 

. London Ordnance Works, Southwark 
Street. 

. Telegraph Department, Melbourne. 

Indian Government Telegraphs, 
Calcutta. 

. 40, Upper Maryon Road, New Charl- 
ton, S.E. 

. Athenajum Club, S.W. 

. government Telegraph Department, 
Melbourne, Victoria. 

. Lancashire and Yorkshire Railway, 
Manchester. 



13 



MuTBHBAP, John 
MuiBHBAD, John, Junior 



Naglo, Emil 
Nelson, Fbedbbige D. 

Newman, G. G. . 

No AD, Professor Robert, F.R.S. 

Obmiston, Fbedebick a. 
Owen, William L. 



Fabsons, Lient-Col. R.M., F.R.S. 

Pepper, J. H., Professor 
Phillips, Samuel £. . 
Phillips, Samuel £. Junior . 

possmann, j. . 

Pbbece, John Righabd 

PRFECnS, G. F. • • • 

(Secretary,) 

PREECE, W. H., M.I.C.E. 
(Member of Covnoil.J 

Radcliffe, Arthur 

Radgliffe, James 

Reuter, Baron de 

Reynolds, Charles 

ROBINSON, D., Col. R.E. 

{Honorary Secretary for India.) 

Rosenbusgh, Edward . 



SABINE, ROBERT, C.E. 
(Member of Council.) 

Sach, Henry 

Sanger, Thomas Henry 
Sauty, C. V. db 

Saunders, John Brewer 
Schwendler, L., C.E. . 

Scott, R. G. Lieutenant R.E. . 
ScRATCHLEY, P. H., Major R.E. 



159, Camden Road Crescent, N.W. 

(W. M. Warden & Co.'s) Regent Street, 
Westminster, S.W. 

44, Waldemar Strasse, Berlin. 

Indo-European Telegraph Company,. 
Teheran, Persia. 

London and North Western Railway, 
London Road, Manchester. 

St. Greorge's Hospital. 

Gipsy Hill. 

Monmouthshire Railway Company, 
Newport, Monmouthshire. 

Ordnance Surrey Office, South- 
ampton. 

8, Stretton Villas, South Hackney, E. 

Fern Cottage, Upper Whitworth Road, 
Plumstead. 

Indo-£uropean Telegraph Depart- 
ment, Persian Gulf. 

Indo-European Goyemment Tele- 
graphs, Teheran, Persia. 

31, Bedford Street, Covent Garden, 
W.C. 

Gothic Lodge, Wimbledon. 



7, Union Street, Birmingham. 

Great Northern Railway, Retford. 

Kensington Palace Gardens. 

Calcutta, India. 

Director-General of India Tele- 
graphs, Calcutta. 

Mediterranean Extension Telegraph 
Company, Valletta, Malta. 

25, Cumberland Terrace, Regent's 
Park. 

Great Eastern Railway, Shoreditch 
Station, E. 

Postal Telegraphs, Dublin. 

Eastern Telegraph Company, Gib- 
raltar. 

The Laurels, Taunton. 

Indian Goyemment Telegraphs, 
Calcutta, India. 

Chatham.* 

Woolwich. 



14 



SCUDAMORE, FRANK IVES, C.B. 
(Past-President.) 

Shaw, W. H. . 

SIEMENS, CARL, M.I.C.E. 
(Member of Council.) 

SIEMENS, CHARLES WILLIAM, 
F.R.S., D.C.L. (Past President.) 

SlLYEB, S. W. . 

Simmons, Sir Lnn?OBN, Major-Gen. 

Smith, Theophilus 
Smith, Willouqhby . 

SPAGNOLETTI, C. E. . 
(Member of Council.) 

SiPBAGUB, J. T. . 

Spbot, J. Lieut.-Col. 

Stocklby, Major, R.E. . 

STOTHERD, R. H. Libut.-Colonbl 
R.E. (Member of Council. ) 



General Post Office, St. Martin's-le- 
Grand, E.G. 

Postal Telegraphs, Newark, Notts. 

12, Qneen Anne's Gate, Westminster, 
S.W. 

12, Qneen Anne's Gate, Westminster, 
S.W. 

67, Comhill, B.C. 

Rojal Military Academy, Woolwich, 

6, Merrick Sqnare, Borongh, S.E. 
18, Wharf Road, City Road, N. 
G. W. Railway, Paddington, W* 

315, Green Lane, Birmingham. 

Junior United Service Clnh, Waterloo 
Place. 

Chatham. 

War Office, WhitehaU, S.W. 



Tansley, Edwabd 

Taylob, Hbsbbbt, CJ5. 

Teale, Feed. G. . . . 

Tebnant, a. L. . 

THOMSON, Sib WILLIAM, F.R.S.., 
LL.D. (Past-President.) 

Tietgen, C. F. . 

Todd, Charles, CM.G. 

Todd, Lieut. R.E. 
Tbeuenpeld, R. von Fischee 

Tubner,H, T., Capt. R.E. 

Tyndall, Professor, John, LL.D., 
F.R.S. 



Postal Telegraphs, Edinburgh. 

The Avenue, Gipsy Hill, S.E. 

Indian Government Telegraphs, 
Madras. 

Eastern Telegraph Company, Mar- 
seilles, France. 

The University, Glasgow, N.B. 

Great Northern Telegraph Company, 
Copenhagen. 

Director General South Australian 
Telegraphs, Adelaide, Australia. 
Chatham. 

12, Queen Anne's Gate, Westminster. 
S.W. 

Postal Telegraphs, Ipswich. 

Royal Institution, Albemarle Street, 
W. 



VARLEY, C. F., F.R.S., M.I.C.E. 

(Member of Council.) 

Vabley, F.H. 
Vabley, S. a. . 



1, Great Winchester Street Buildings, 
Old Broad Street, E.C. 

Mildmay Park Works, Stoke New- 
ington, N. 

66, Roman Road, HoUoway, N. 



WALKER, C. v., F.R.S. 

( Vice-President.) 
Walkek, E. J. Douglas 



. Fern Side, Red Hill, Reigate. 

. Indo-European Telegraphs, Shiraz, 
Persia. 



15 

Walsh, John .... Postal Telegraphs, J^Ianchester. 

Wabdbn, W. M. . . . Broad StFeet, Birmingliain. 

Warben, T. T. p. B. . . . Tamworth House, Mitcham, Surrey. 

Weaves, Henby . ' . .1, Albert Square, Clapham Road, 

S.W. 

Webb, F. C, M.I.CE. . .67, Maitland Park Road, N.W. 

WEBBER, C. EDMOND, Major R.E. Postal Telegraphs, Moorgate Street 
(Treasurer,) Buildings, E.G. 

Whbatstone, Sir Chables, D.C.L., 19, Park Crescent, Portland Place, 
F.R.S. N.W. 

WHITEHOUSE, E. O. WILDMAN Hampstead, N.W. 
(Member of Council.) 

WILLIAMSON, Pbofessob . . Uniyersity College, Gower Street, 

(Member of Cotmcil.) W.C. 

Williams, W. . . . . Indian Goyemment Telegraphs, 

Calcutta. 

WiNTEB, G. E., F.R.A.S. . . Arconum, near Madras. 

WiNTEB, William Henby . . Postal Telegraphs, General Post 

Office. 

Total Number of Members . . . 202 



16 



ASSOCIATES. 



Adams, Alex. J. S. 
Adambon, E. W. . 

AiBD, John, Jnnr. 

^LliBUf, «)AJif BS ■ 

ANGELL, Captain THOMAS 
(Member of Council.) 

Arnold, Geobge 

Arnold, John . 

Abcouqh, T. B. . 

Ash, William H. 

Abhton, Edwin 



Postal Telegraphs, General Post Office. 

Submarine Telegraph Company, East- 
dean, Ea8tlK>ame. 

Belredere Road, Lambeth. 

Indian Goyemment Telegraphs, Cal- 
cutta. 

Telegraph Superintendent, Great 
Southern Bailway, Buenos Ayres. 

Buckingham Gate, S.W. 

Postal Telegraphs, G.P.O., E.C. 

Postal Telegraphs, G.P.O., E.C. 

Postal Telegraphs, 101, Cannon Street, 
E.C. 

Eastern Telegraph Company, 66, Old 
Broad Street, E.G. 

Postal Telegraphs, Camden Town, 

N.W. 



BAILEY, JOHN 

(Member of Cov/ncil.) 

Bain, Alexander 

Banker, S. M. . 

Barrow, Captain Robert Knapp 

Barry, P. F. . 

Batchelder, Robert . 
Bayley, E. W. . 
Bazeley, Thomas 
Beckett, J. W. . 
Beckinsale, Edgar William 

Bedborough, James 

Belchamber, W. 
Bell, Andrew . 

Bell, Alexander Carlyle . 

Ben' EST, Henry 
Bennett, Alfred 
Bent, William . 
Betts, a. S. . 
Betts, James A. 



. India Rubber Co., Silvertown, E. 

. 6, Vicarage Road, Camberwell, S. 

. Postal Telegraphs, G.P.O., E.G. 

. 94, Piccadilly, W. 

. Brazilian Telegraph Company, St. 
Vincent. \ 

. 88, Bolsover Street, N.W. 

. Postal Telegraphs, Hull. 

. Postal Telegraphs, Cardiff. 

. Postal Telegraphs, Lancaster. 

. 23, Langley Street, Newport, Isle of 
Wight. 

. Indo-European Government Tele- 
graphs, Kurrachee. 

. Postal Telegraphs, Cardiff. 

. Postal Telegraphs, Gloucester Road, 

N.W. 

. 7, Great Winchester Street Buildines, 
E.G. 

. India Rubber Company, Silvertown. 

. 60, Lorrimore Road, Keunington, S.E. 

. 6, Duke Street, Adelphi, W.C. 

. Kurrachee. 

. 106, Cannon Street, E.G. 



17 



Bbwick, T. J., C.E. 

BiDDULPH, W. W. 
BiNNEY, W. P. . 

Bishop, James Dbapeb 
Black, Francis Daniel 
Blewett, Geobge 
Blissett, Thomas 

BLUNDELL, J. W. 

(Anditor.) 

BOHB, Hbinbick 
Boteleb, R. 

BOTTOMLEY, J. T. 

BoTTOMLEY, William . 

boubnb, bobebt o. 

Bbittlb, John Bichabd 
Bbown, R. T. 

Bbown, F. R. 

Bbogden. James 
BtJCKNiLL, J. T., Lieut. R.E. 
Bull, Edwabd . 

bullivant, w. m. 
Bullock, Thomas A. 

bulmbb, j. a. . 

Campbell, Henby 
Cablile, Fbank. W. . 
Cabpenteb, Jambs, T. 
Cabpenteb, F. H. 

Cabb, Gbobqb M. 
Cawood, Reuben 
Chambebs, John Chables 
Chambbe, Chables F. . 
Chables, G. G. . 
Clapp, W. H. . 
Clifpobd, W. B., M.A. 
CoLLiNGs, Chables E. . 
Collins, A. 



. 4, Broad Sanctuary, Westminster, 

S.W. 
Care of Messrs. Grindlay and Co., 56, 

Parliament Street. 
. Eastern Telegraph Company, Syra, 

Greece. 

Shanghai. 

Postal Telegraphs, Glasgow. 
. Postal Telegraphs, Oxford. 
. Calcutta. 
. 16, Gresham Street, E.C. 

Great Northern Telegraph Company, 
Amoy, China. 

. Indian Government Telegraphs, Cal- 
cutta. 

. The College, Glasgow, N.B. 

. 12, St. George's Terrace, Gloucester 
Road. 

. Government Telegraph Department, 
Brisbane, Queensland, Australia. 

. 12, Queen Anne's Gate, Westminster. 

. West India and Panama Telegraph 
Company, Kingston, Jamaica. 

. Indian Government Telegraphs, Cal- 
cutta. 

. 6, Queen's Square, Westminster. 

. War Office, Whitehall, S.W. 

Eastern Telegraph Company, Porth- 
cumo, Penzance. 

. 59, Fenchurch Street, E.C. 

. Eastern Telegraph Company, 66, Old 
Broad Street, E.C. 

. Postal Telegraphs, Hull. 

. 9, Hammer's Terrace, Greenwich, S.E. 

. Charlton, S.E. 

. 39, Milton Street, Dorset Square. 

. Western and Brazilian Telegraph 
Company, Para. 

. Postal Telegraphs, Sunderland. 

. Postal Telegraphs, Glasgow, N.B. 

. Postal Telegraphs, Stockton-on-Tees. 

. Manor Cottage, Putney, 

. Indian Government Telegraphs. 

. 14a, Austin Friars, E.C. 

. 14, Maryland Road, Harrow Road, N. 

. Postal Telegraphs, Plymouth. 

4, Broad Sanctuary, S.W. 



18 



Collins, Lawbencb 

cjollins, w. c. . 
Comport, George Henry 
Cook, E. E. . 

cooksley, w. . 
Corner, C. B. . 

Cox, II. J • • . • 

Crace, H. Winpield . 
Crampton, T. Russell, M.I.C.E. 
Cromartie, Duncan . 

Cross, P. W. . 
Crossley, Louis J. 
Cunbill, Frank W. 

Dallas, John . 



Daniel, Louis S. 

Daniell, Francis T. Bristow 

DANVERS, F. C. 
{Auditor.) 

Davies, William. Henry 
Delany, Patrick 



Denmead, Thomas 
Dixon, G. H. 
DoHERTY, John 
Donald, John . 
Donovan, H. C. 

Dorman, Thomas 
Douglas, John 
Draper, George 

Drury, William, Sen. 
Dunn, Andrew S. 

DuRRAN, William 

Eden, Augustus 
Edwards, J. R. . 
Eggington, Alfred 



Postal Telegraphs, 88, South Mall 
Cork. 

24, Old Jewry, E.C. 

Postal Telegraphs, Nottingham. 

Postal Telegraphs, 101, Cannon Street, 

E.C. 
Postal Telegraphs, Bristol. 
Eastern Telegraph Company, Vigo, 

Spain. 

48, Arthur Road, Holloway, N. 

31, Lombard Street, E.C. 

4, Victoria Chambers. 

Indian Goyemment Telegraphs, Cal- 
cutta. 

Postal Telegraphs, Cardiff. 

Moorside, Halifax, Yorkshire. 

Postal Telegraphs, Plymouth. 

Telegraph Construction and Main- 
tenance Company, Morden Wharf, 
Greenwich. 

Government Telegraph Department, 
Melbourne, Australia. 

Indo - European GoTemment Tele- 
graphs, Teheran, Persia. 

India Office, S.W. 

Exchange Telegraph Company, 17, 
Comhill, E.C. 

Postal Telegraphs, 52, Banelagh Boad, 

Dublin. 

Postal Telegraphs, Exeter. 

Postal Telegraphs, General Post Office. 

Postal Telegraphs, Manchester. 

Postal Telegraphs, Stranraer. 

23, Ashbumham Grove, Greenwich, 
S.E. 

Postal Telegraphs, Stockton-on-Tees. 

Indian Government Telegraphs. 

Eastern Telegraph Company, 66, Old 
Broad Street, E.C. 

61, South Hill Park, Hampstead. 

Telegraph Department, Caledonian 
Railway Co., Glasgow, N.B. 

Eastern Telegraph Company, Alex- 
andria. 

Postal Telegraphs, Edinburgh. 

Postal Telegraphs, Chester. 

Eastern Telegraph Company, Otranto, 
. Italy. 



Elliott, Thomab 
EsTLBft, Paul . 
BvAKB, Feedebick E. 

Fahib, J. J. 
Falck, a. 



FiaoHEB, Hbnbt 

riSHBK, HESKT f. 
FiSHBB, J. A., Cl 

Fleetwood, Ch. 
BlEMUfQ, J. C. . 
Fletckbb, John Willla 
Fletcher, Thomas 



Plbwbll, a. . 

FOBTEE, ABTHUE LE NE¥E 

Fbaseb, Aethue 
Feabbs, Charles 
Frost, Alfbed J. 

Gamble, D. P. . 

Gatet, John 
Gbobob, Edo-ab 
QiBss, Douglas 

Gibson, Jambb . 
Gibson, John 
Gilpin, Geobqe 

GOODENOtrOH, IlENUT T. 

GooDKAH, H, M, 
GOSSBLtN, Geobob 

Qott, John 

GRAimLLB, Abihub E, 



Postal Telegrapbe, BaeiDgatokd. 
Mesacs, Sionieiia' Works, Charlton. 
Postal Telegraplis, Binningliam. 

Iniio - Enroppan Telct;rapb Dopart- 

ment, Shiraa, Persia. 
Great Northern Telegraph Company, 

Aberdeen, N.B. 
West DrajtoD. 
Postal Telegraphs, Old Steiiie, 

BrightjjQ. 
Postal Telegraphfl, General Post 

Office, E.G. 
British Indian Extension TeleEraph 

Company, SingajKire. 
H.M.S, " Excellent," Portsmouth. 
Polt Office Telegraphs, General Post 

OffiM, E.C. 
Snpt. Government Telegraphs, Perth, 

Western Auatralia. 
London and North Western Railway 

Telegraph Department, Chester. 
Hooper's Telegraph Works, Mill- 
wall, E. 
Postal Telegraphfl, Bristol, 
East HUl, Wandsworth, S.W. 
Vemlam Clnb, St. James's Street. 
George Town, Cape of Good Hope. 
6, WoBtminst«r Chambers, S.W. 

28, Colehoruo Road, South Ken- 
sington. 

Postal Telegraphs, Bristol. 

101, High Street, Pntney. 

Eastern Telegraph Company, Alex- 
andria, Egypt. 

Postal Telegraphs, Edinburgh. 

Kirkwall, Orkney. 

Postal Telegraphs, Bradford, Tork- 

*, Albert Terrace, Caatie Hill, Ealing. 

Enderby's Wharf, East Greenwich. 

Indian Government Telegraphs, Co- 
lombo, Ceylon. 

French Atlantic Tel^rapli Company, 
St. Pierre, Newfoundland. 

26, WeUington Street, Upper Street, 
Islington, N, 

28, Hanorer Square, Islington, N. 

26, Old' Broad StreBt, E.C. 



20 



Gray, Robebt K. 
Groves, William 

•GUENZEL, EBNST 

Hall, John 
Hall, John 
Hall, Waltbb . 
Hamilton, F. A. 

HANCOCK, WALTER . 

(^Member of Council.) 

Harbobow, Henby 
Hargreaves, J. W. 
Harrison, R. H. 
Harwood, Francis 
Hassard, H. S., Lieutenant 
Haynes, J. 
Heaviside, a. W. 
Heaviside, O. . 
Henley, George 
Hewett, D. R., Commander R.N 
HiGGiNs, Frederick 

HiGGSy Paget, LL.D. . 
Hilberd, Charles M. . 
Hill, Joseph Tripp 

Hill, Thomas . 



Hilliard, Augustus . 
Hoeltzer, Charles 
Horner, Albert B. 

Hookey, James . 

Howe, J. 
Humble, George 

Humphries, William . 
Hunter, J. E., Capt. R.N. 
Hurley, Edward Butler 



St. John's Park, Blackheath, S.E. 
89, Bolsover Street, P^tland Place. 
25, Monnt Street, New Charlton, S J!. 

Postal Telegraph8,Newca8tle-on-Tyne. 

Postal Telegraphs, Manchester. 

19, Gloucester Crescent, Hyde Park. 

Telegraph Construction Company, 
Enderby's Wharf, Greenwich. 

10, Upper Chadwell Street, Myddle- 
ton Square. 

4, Circus Street, Marylebone, W. 

Postal Telegraphs, Carlisle. 

Care of R. Rookby, Ware, Herts. 

Eastern Telegraph Company, Lisbon. 

66th Regiment, Sheemess. 

Postal Telegraphs, Gloucester. 

PostalTelegraphs,Newcastle-on-Tyne. 

117, Camden Street, N.W. 

47, Essex Street, Islington, N. 

22, Arundel Street, Strand, W.C. 

Exchange Telegraph Company, 17, 
Comhill, E.C. 

Penarth, Cardiff. 

General Post Office. 

Postal Telegraphs, Greneral Poet 
Office. 

Postal Telegraphs, General Post 

Office. 

India Rubber Company, Silvertown. 

12, Queen Anne's Gate, Westminster. 

General Post Office, St. Martin*s-le- 
Grand. 

Postal Telegraphs, General Post 
Office, E.C. 

Pemambuco. 

Postal Telegraphs, Newcastle-on- 
Tyne. 

Postal Telegraphs, Limerick. 

United Service Club, Pall Mall, S.W. 

India Telegraph Department, Colombo, 
Ceylon. 



iRMiNGER, Frederick . 
Ingram, J. W. . 
IsHERWOOD, Frederick 



Great Northern Telegraph Company, 
Hong Kong, China. 

Postal Telegraphs, General Post 
Office. 

Postal Telegraphs, 101, Cannon Street, 
E.C. 



21 



James, Sidney . 

Jamieson, Andrew 

Jefpery, James 

Jenkin, John . 
Jenvey, Henry W. 

JoBSON, Howard C. 
Joel, H. F. 

Johnson, William 

Johnstone, Thomas Y 

Jones, John Rymer 
Jones, T. J. 
Jones, J. C. D. . 

Joseph, Frank S. 
Kaarsberg, Sofus 

Kaiser, E. F. 
Kempe, H. R. 
Kerry, C. H. 
King, W. F. 

Knight, John Henry 

Laister, James . 
Laurie, E. H. . 
Lavender, John 
Lawson, Ed. G. . 

Lee, Robert B. . 

Lessels, J>aviu . 
Lewis, R. J . 
Lloyd, William 

Logan, James K. 

London, Robert 

Lowe, Thomas . 

Lucas, F. R. 

Lusty, J. W. 



Postal Telegraphs, General Post 
Office, E.C. 

Western and Brazilian Telegraph 
Company, Pemambuco. 

Marseilles and Barcelona Cables, Mar- 
seilles. 

Postal Telegraphs, Newark, Notts. 

Government Telegraph Department, 
Melbourne, Australia. 

Dudley. 

6, Russell Villas, Lavender Grove, 

Dalston. 

Postal Telegraphs, 67, Portland 
Crescent, Leeds. 

Telegraph Department, Ispahan, 
Persia. 

Truro House, Westboume Park, W. 

25, Conduit Street, Regent Street, W. 

British Indian Extension Telegraph, 
Singapore. 

13, Clarewood Terrace, Brixton, S.W. 

7, Great Winchester Street Buildings, 

E.C. 

6, Armstrong Terrace, New Charlton. 

Postal Telegraphs, Southampton. 

Postal Telegraphs, Bristol. 

Western and Brazilian Telegraph 
Company, Rio de Janeiro. 

Postal Telegraphs, Doncaster. 

101, Cannon Street, E.C. 

General Post Office. 

Fairy Lane, Manchester. 

Entrada du Cidade 3, Funchal, 
Madeira. 

Riband Post Manufactory, New Isling- 
ton, Manchester. 

Postal Telegraphs, Edinburgh. 

General Post Office, E.C. 

Whitehall Club, Parliament Street, 
S.W. 

Inspector of Telegraphs, Dunediu, 
New Zealand. 

44, Ashbumham Grove, Greenwich, 
S.E. 

8, Great Winchester Street Buildings, 

E.C. 

3, Glen Mohr Terrace, Hyde Vale, 
Greenwich. 

Postal Telegraphs, Exeter. 



22 



Mackie, Alex. . 
Mackie, S. J. 

Maclachlan, J. M. 

McGauran, D. J. 

MclNTYBB, John 
McKiNNEY, Alexander 
McLean, James . 
Mance, Henry . 



Mathieson, James 
ALA.Y, Joseph 

Mays, W. 



Michel, R. Francisque 

MiCKLE, David . 

Miller, Thomas • 
MOll, Frederick H. L. R. 

molloy, b. c. . 
Morgan, Charles Amiss 

Morris, C. 

aiorrison, m. . 

Morrison, G. James 

Muirhead, Alexander, 
D.Sc, F.C S. 

Munro, John 
Murphy, Charles J. . 
Mygind, John . 



Naylor, J. K. 
Neale, John 

Newbury, George C. . 

Newman, A. E. . 
Newnham, W. a. 

Newsam, Thomas 
NiND, L. L. 



. 112, Strand, W.C. 

. 84, KensiDgton Palace Road, Bays- 
water, W. 

. Postal Telegraphs, General Post 
Office, E.G. 

. Victoria Telegraph Department, Mel- 
bourne. 

. Postal Telegraphs, Inyemess. 

. Postal Telegraphs, Manchester. 

. 2, Ovington Square, S.W. 

. Indo-European Government Tele- 
graph, Kurrachee. 

. India Rubber Company, Silvertown. 

. 2, Trinity Cottages, Church Street, 
East Greenwich. 

. Henley's Telegraph Works, North 
Woolwich. 

. 13, Rue de PAncienne Comedie, 
Paris. 

. Government Telegraph Department, 
Melbourne. 

. Bransford Road, St. Johns, Worcester 

. Indo-European Telegraph Company, 
16, Telegraph Street, E.G. 

. 1, Ebn Court, Temple, E.G. 

. Postal Telegraphs, General Post 
Office. 

. (Scott and Co.) Hiogo, Japan. 

. General Post Office. 

. 19, Great George Street, Westminster. 

. 159, Camden Road Crescent, N.W. 

. Hooper's Telegraph Works, Millwall 
E. 

. Eastern Telegraph Company, Vigo, 
Spain. 

. Great Northern Telegraph Company, 
Newcastle-on-Tyue. 

. Postal Telegraphs, York. 

. North Staffordshire Railway, Stoke- 
on-Trent. 

. Postal Teleo:raphs, General Post 
Office, E.C. 

. Buenos Ayres. 

. Indo-European- Government Tele- 
graph, Jask. 

. Eastern Telegraph Company, Aden. 

Postal Telegraphs, Newcastle-on- 
Tyue. 



23 



Noble, Martin • 

Oakshot, a. 
Oat WAY, Arthur 

Ogg, F. Wm. 

Ollard, J. F. . 
Oppenheimer, Joseph . 

Page, Alf. S. .. 
Parker, J. E. . 

Parkham, James 
Parmitter, Albert 
Parsone, E. W. 
Partridge, G. Noble . 
Patten, Frederick A. 

Paytbr, J. W. . 

Penman, John. . 



Petersen, K. 

Phillips, W. R. 
Pinchin, William Henry 
PoMEROY, Henry 
Portelli, Robert T 

QuiLLEY, Henry 

Ramsay, John, Lieut. R.E. 

Reid, Frank 

Rbynell, C. H. 
Rich, H. R. 

Richardson, G. 

Richardson, H. 

Risch, Gustav . 

RiTSO, F. C. G. . : 

Roberts, Martin 
RofeERtsdN, J. . 
Robinson, F. L. . 



Postal Telegraphs, Lancaster. 

Postal Telegraphs, Southampton. 

Postal Telegraphs, General Post 
Office, E.G. 

II, Barclay Terrace, Barclay Road, 
Leytonstone, Essex. 

Lloyd's, Royal Exchange, E.G. 

Manchester. 

India Rubber Co., Silvertown. 

Western and Brazilian Telegraph 
Company, Bahia, Brazil. 

Mitcham. • 

Postal Telegraphs, Reading. 

176, Adelaide Road, N.W. 

Postal Telegraphs, Exeter. 

Indo-European Government Tele- 
graphs, Kurrachee. 

Telegraph Department, Melbourne, 
Victoria. 

West India and Panama Telegraph 
Company, St. Thomas, West 
Indies. 

German Union Telegraph Company 
4,Werder Strasse, Berlin. 

Paumbaum, India. 

Postal Telegraphs, Exeter. 

Postal Telegraphs, Mullingar. 

Eastern Telegraph Company Malta. 

General Post Office. 

Postal Telegraphs, London Bridge, 
S.E. 

Postal Telegraphs, Newcastle-on- 
Tyne. 

Madeira. 

Indian Government Telegraphs, Cal- 
cutta. 

India Government Telegraphs, Cal- 
cutta. 

Postal Telegraphs, Douglas, Isle of 
Man.- 

9, Armstrong Terrace, New Charlton, 
S.E. 

7, Lothbury, E.C. 

80, Sandfingham Road, Hackney; 

Postal Telegraphs, Bristol: 

Direct Spanish Telegraph Company, 
the Lizard, CcWflT^^all. 



24 



Rolls, Edward T. 
ROWB, Thoma.8 . 
liussELL, Frank 

Sale, Lieut. R.K. 
Saunders, II. 

ScHAEFER, Louis 
ScHiNDLBR, Arthur H 

Schramm, Otto 

Shaw, John 
Shaw, Captain W. 
Sheath, Alfred 
Shepherd, F. . 
Siemens, Alexander 
Simpson, George 

SivEWRiGHT, James 
Slater, AVilliam 

Smith, Benjamin 
Smith, Toulmin 

Smith, J. H. 

Smythe, John 
Spagnoletti, IIylton 
Sparrow, W. 
Spratt, G. O. 

Stagey, Charles 
Stagey, George B. 
Strkt. G.C, y.K.c.s. 

SrKKNK, l-OllS . 

Stevenson, Kd. Alf. 



Stevenson, George 

Stewart, D. 
Stokes, Charles S. 
Stokes, Henry L. S. . 

Stokes, John Scott . 



. L. and S. W. Railway, Exeter. 
. Postal Telegraphs, Manchester. 
. Woodfield Road, Harrow Road, N. 



Chatham. 

Eastern Telegraph Company, 66, Old 
Broad Street. 

108, Great Russell Street, W.C. 

Imperial Telegraphs, Tokei, Japan. 

Telegraph Department, Teheran, 
Fereia. 

12, Queen Anne*s Gate, AVestminsten 
S.W. 

Postal Telegraphs, Bolton. 

73rd Regiment, Aldershot Camp. 

Auckland, New Zealand. 

Postal Telegraphs, Brighton. 

12, Queen Anne's Gate, Westminster. 

Indian Government Telegraphs, 
Mannar, Ceylon. 

Postal Telegraphs, Southampton. 

Western and Brazilian Telegraph 
Company, Rio Janeiro. 

Eastern Telegraph Company, Malta. 

12, Queen Anne's Gate, Westminster 
S.W. 

6, Cornwall Terrace, Dalyell Road, 

Stockwell Green, S.W. 

Valentia, Ireland. 

4, Circus Street, Marylebone, W. 

Putney. 

Eastern Telegraph Company, Porth- 
cumo, Penzance. 

Eastern Telegraph Company, Aden. 

Eastern Teleg:raph (^^inpany, Bombay. 

Melbourne llons<'. Ko^^Klyn Hill. 
iram]»t<'a(?. 

'.', \'iftori:i (■'h;imlKM's. NN't'^rmiiisftT. 
S.W . 

Telegrapli Construction and Main- 
tenance Company, Enderby's 
Wharf, East Greenwich, S.E. * 

Eastern Telegraph Company, Alex- 
andria, Egypt. 

Postal Telegraphs, Glasgow. 

7, North Terrace, Brompton, S.W. 

7, North Terrace, Alexander Square. 
S.W. 

K. and A. General's Office, G. P. O. 



25 



Stout, Kobekt . 
IStout, Thomas 

Stow, G. E. . . . 

Symington, Robert Stevenson 



Talbot, Frank F. 
Tansley, William 
Taplin, Charles 
Tarbutt, P, F. . 
Taylor,. William Grigor 

Theiler, Richard 
Thomas, A . . 

Thompson, Edward H. 
Thompson, H. E. 

Thornton, M. L. E. 

TiCEHURST, F. G. 
TiSLEY, S. C. 

ToLMB, Julian H. M.I.C.E. 
Trenam, Edwin 
Truman, Edwin Thomas 
TuBB, Albert . 
TUBB, H. II. 

Tuck, W. 

Tuffield, T. S. 
Tyler, W. J. . 

Uren, John George . 

Venndt, C. F. . 

Verney, Captain R.N. . 
Vyle, Samuel . 

Walker, William K. . 

Walpole, William Bowman 
Walton, John . 
Warburton, E. C. 

Ward, George G. 

Warren, William 



. Postmaster, Lerwick, Shctlaud Isles. 
. Postal Telegraphs, Lerwick, Shetland 

Isles. 
. 4, Adelaide Street, West Strand, 

W.C. 
. Glasgow. 

. Rosario, Argentine Republic. 

. Postal Telegraphs, Portarlington. 

. Postal Telegraphs, Cardiff. 

. 11, Delahay Street, S.W. 

. Eastern Telegraph Company, Gib- 
raltar. 

. 86, Canonbury Road, N. 

. Brazilian Submarine Telegraph Com- 
pany, Pemambuco. 

. 140, Leadenhall Street, E.C. 

. Indian Government Telegraphs, Ali- 
pore. 

. Indian Government Telegraphs, 
Calcutta. 

. Battle, Sussex. 

. 172, Brompton Road, S.W. 

. 1, Victoria Street, Westminster, S.W. 

. Postal Telegraphs, Leeds. 

. 23, Old Burlington Street, W. 

. Postal Telegraphs, Southampton. 

. Indian Government Telegraphs, 
Indore, Central India. 

. Eastern Telegraph Company, Suez, 
Egypt. 

. 16, Anglesea Road, Woolwich. 

. 106, Cannon Street. 

. Postal Telegraphs, Penzance. 

. Great Northern Telegraph Company, 
Aberdeen, N.B. 

. Rhianva, Bangor, North Wales. 

. Postal Telegraphs, Glasgow. 

. Scinde, Punjaub and Delhi Railway, 
Lahore, India. 

. 75, Patshull Road, Kentish Town, N. W. 

. Postal Telegraphs, Birmingham. 

. Avondale, Sterne Street, Shepherd's 
Bush, W. 

. Anglo- American Telegraph Company, 
Newfoundland. 

. George Town, Tasmania. 



26 



Waters, IIerbeet M. . 
Waters, R. J., B.A. 

Watkins, Lieut. R.E. . 
Watt, George W. M. . 

Watson, C, Lieut. R.E. 
Weatherall, T. E. 

Webb, E. M. . 
Wells, W. Lewis 

Werdermann, Richard 
West, George . 

WiGAN, Gordon 
Wilde, Edwin . 
WiLLMOT, Joseph 

Winter, Charles . 
Wood, Major Alexander 
Woollen, C. H. 
Wray, Leonard 



. 9, Park Terrace, Greenwich, S.E. 

. Telegraph Institution, Osnabnrgh 
Street, N.W. 

. Gibraltar. 

. Govemment Telegraph Department, 
Mauritius. 

. Chatham. 

. Telegraph Construction and Main- 
tenance Company, Greenwich. 

. Telegraph Works, Silvertown. 

. Submarine Cables Trust, 66, Old 
Broad Street, B.C. 

. 4, Prince's Street, Stamford Street, S. 

. Eastern Telegraph Company, Alex- 
andria. 

. Campden House, 'Kensington. 

. Postal Telegraphs, Leeds. 

. Postal Telegraphs, General Post 
Office, E.C. 

. Postal Telegraphs, Southampton. 

. Abbey Wood, Kent. 

. Postal Telegraphs, Exeter. 

Crosby House, Bishopsgate Street. 



Total Ntimhcr of Associates 



346 



27 



STUDENTS. 



Cheesman, II. G. 
Cochrane, W. H. 



. Postal Telegraphs, Hull. 

. Physical Laboratory, King's College, 
W.C. 



Gatehouse, Thomas . 

Gee, Basil 

Graham, William John 



. 374, Euston Road, N.W. 

. 22, Cambridge Street, Hyde Park. 

. Henley's Works, North Woolwich, E. 



Hayes, Alfred . 
Hesketh, E. L. . 

Hooper, Samuel 



2, Westminster Chambers. 

Physical Laboratory, King's College, 
W.C. 

Beechwood, Clapham Common. 



KiRKMAN, John P. 



. 4, Thurlow Road-, Hampstead. 



McKain, H. F. . 



. 2, Westminster Chambers, S.W. 



Palliser, Edward 
Phillips, C. H. . 
Pena, Jose 



. 23, Cadogan Terrace, Victoria Park. 

. Physical Laboratory, King's College, 
W.C. 



Thompson, Geobgu H. 



. 2, Landsdowne Villas, Lee, Kent. 



Warren. J. D. . 



. 19, Pelham Street, South Kensington. 



Total Number of Students 



. 15 



TOTAL NUMBER OF MEMBERS. / 



Honorary Members 




4 


Foreign Members . 




81 


Members 


. • . 


202 


Associates . 




346 


Students 




16 




Total 


648 



•!■ 



d» 



